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Chapter 16
DAMAGE TO MISSILES il

Missile systems are subject to damage by
essentially all of the phenomena described sepa-
rately in Chapters 2 through B, Part I. of this
manual, ie., all or part of the system may be
damaged by blast and shock (Chapter 2), by
thermal radiation (Chapter 3), by X-ray radia-
tion (Chapter 4), by nuclear radiation (Chapter
5) mainly in the form of transient radiation
effects on electronics (TREE) phenomena
(Chapter 6). or by the electromagnetic pulse
(EMP (Chapter 7)). Communications and/or
radar subsystems are also subject to degradation
of their propagation characteristics as described
in Chapter 8.

The damage that might result -from
several of the phenomena listed above is so
dependent on specific system design that general
methods for predicting specific missile system
respense cannot be provided. These phenomena
include X-ray radiation. TREE, and EMP. Conse-
quently, general descriptions of the damage
mechanisms associated with these phencomena,
applicable to missiles as well as other systems,
are provided in Sections V, VII, and VIII1,
respectively, of Chapter 9. Additionally, some
ambient nuclear radiation levels for *sure safe™
and “‘sure kill” of missiles are given in Table
14-11, Chapter 14, Chapter 17 discusses the
signal degradation of communications and radar
systems. No further discussion of the damage or
degradation ffom these phenomena is included
herein.

This chapter is divided into two sections.
ection | describes blast damage to tactical mis-
siles. Sectia+ Il describes the response of stra-
tegic system . to blast and thermal phenomena.
Where appropriate, separate discussions are pro-

89

vided in Section Il for antimissile systems {com-
monly called ABM) and reentry vehicles (RV's),

' SECTION 1
q BLAST DAMAGE TO
TACTICAL MISSILE SYSTEMS “

- The effects of air blast on three specific
sample systems, the SERGEANT, the LANCE,
and the HAWK, are described in this section.
The vulnerability analysis of these missiles and
their support equipment is intended to provide
information from which the probable effects of
air blast on other tactical missile systems may be
estimated. An example of such an estimation for
the HONEST JOHN missile is also provided.
Outline drawings of the sample systems are
shown in Figure 16-1 for comparison purposes.

In the case of each system, it is assumed
that the system may be attacked from the time
that the missiles are in stockpile until the missile
warhead is detonated over the target. During any
phase of this stockpile-to-target sequence, the
system vulnerability is determined by the most
susceptible component that is 2ssential to com-
pletion of the mission. The vulnerability of all
critical components is tabulated for each systein.
Vulnerability is expressed in terms of peak over-
pressure, assuming that the blast wave is from a
contact surface burst with a yield between 1 kt
and 300 kt. A range of values is given for the
overpressure vulnerabilities, e.g.. 12 to 19 psi.
These numbers mean that either 12 psi from a
300 kt burst or 19 psi from a 1 kt burst is esti-
mated to be sufficient to render the system com-
ponent incapable of performing its necessary
functions to complete the mission. Each vulnera-
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bility Jevel is-also shown in the form of & num- |

ber curve, which allows critical values of range
and overpressure to be determined as a function
of n vield.

Many circumstances alter the vulnera-
bility threshold of specific system components.
For example, a truck that is carrying a missile to
the launch site is less likely to be overturned by
a blast wave if it is facing the burst than if it is
hit from the side (see Table 14-3, Chapter 14).
The velocity and orientation of a missile in flight
both are important. If the terrain is conducive to
the formation of a precursor, the truck may be
subjected to a greatly enhanced dynamic pres-
sure impulse, capable of overturning it much
more easily than if it were exposed to the same
burst at the same range under near-ideal condi-
tions (paragraph 14-2, Chapter 14)." The aver-
pressure and dynamic pressure at the target
depend on height of burst as well as distance. In
order to reduce vulnerability data to a manage-
able set of numbers, the following conditions are
assumed for the analysis in this section.

© The orientation of the system component
with respect to the blast wave is such that
the probability of serious damage is a2 maxi-
mur. ’

® Near-ideal surface conditions exist (no
precursor).

& The blast wave is produced by a contact
surface burst.

If radically different conditions are expected,
appropriate changes in vulnerability levels must
be made. In the case of a burst that produces a
precursor, the dynamic pressure would be en-
hanced, and drag sensitive targets, i.e., those sus-
ceptible to toppling or overtuming, probably
would be damiged at an overpressure lower than
predicted. Also, an air burst could produce a
double shock on a target located in the regular
reflection region; again this could lead to signifi-
cant target damage at an overpressure lower than

predicted. Thus, the numbers given should only
be used as guides to the assessment of system
blast damage.

Damage to targets that are primarily
drag sensitive is determined by the dynamic
pressure level. However, for near-ideal surface
conditions, there is a known correspondence
between peak overpressure and peak dynamic
pressure (although the pulse durations can be
somewhat different). Therefore, for the purpose
of this chapter, all damage levels are expressed as
overpressure levels, including the damage levels
that apply to drag sensitive targets.

MSE RGEANT WEAPON

16-1 Deseription of the SEHGEANT

Weaspon System
The SERGEANT weapon system is a
second generation surface-to-surface missile
system capable of being used under all ierrain
and weather conditions. Major items of the
system are:
® SERGEANT missile M15 and conrainers.
The SERGEANT missile body consists of
four major assemblies:
(1) rocket motor M53; (2) guidance section
M38; (3) warhead section M65; and (4)
control surface assemblies M58. Figure
16-1 shows a drawing of the missile. Figure
16-2 shows the missile parts in containers
and ready for transport,
® Four-wheel, semitrailer mounted guided
missile launching station M504. Figure 16-3
shows this unit in firing position. One com-
ponent, the launching station firing set, is
shown in more detail in Figure | 6-4.
o Four-wheel, 6 ton, low-bed semitrailer
M527.
® Organizational Mainternance Test Station
(OMTS) AN/MSM-35. This trailer housed
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unit, shown in Figure 16-5, is used for pre-
launch testing and replacement of defective
assemblies.

® Field Maintenance Test Station (FMTS)
AN/MSM-36. This unit is similar to the
OMTS. It can be used to perform many of
the functions of the OMTS, and it is also
used in situations that require more exten-
sive testing and repair work than normatly
is done by the OMTS.

® Warhead Section Container

® Truck, M35

In addition to the equipment listed above, an
MSS cargo truck is used to transport the rocket
motor when the M527 is not available.

16-2 Vulnerahility Lavels of the
SERGEANT Missile Sysem ({5

The vulnerability levels of the various
components of the SERGEANT missile system
are in Table 16-1.
The estimated vulnerability lebels of
the system in its various operational phases are
described below. The most likely damage modes
are also described.

® Missiles in Containers at Storage 3Site
(SERGEANT) Figure 16-2 shows the type
of containers used to store missile parts.
The warhead section container, which is
slightly longer than the guidance section
container, is not shown. (ECEISRIEEEE TN

dissiles in Containers in Transit (SER-

GEANT). Since the transport wvehicles
afford partial protection for the containers,
the vulnerability estimates were based on
the pressure levels requireg :

- Equtpmem and i sile at
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Table 16-1. - SERGEANT, Characteristics and Damage Levels for System Components .
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The blast vulnerability of the principal
components of the SERGEANT missile system
can be determined by reference to Table 16-1
and Figure 16-6; the fligure provides curves that
allow the determination of pressure levels and
distances for damage corresponding to various
weapon yields. Table 16-2 shows a summary of
the biast vulnerability of the susceptible subsys-
tems in the various configurations of the SER-
GEANT missile system.
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Table 16-2. - Blast Vulnerability Summary, SERGEANT Missile System .
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16-4 Description of the LANCE
Waapon Systam
The LANCE is a surface-to-surface mis-
sile for general field artillery fire support of
Army Divisions. The five major items of the
LANCE system are:
© LANCE Missile Body, shown in Figure
16-1.
¢ Self-propeiled Launcher (SPL). shown in
Figure 16-7.
@ Transporter Loader (TL), shown in Figure
16-7.
@ Lightweight Launcher (LWL), shown in
Figure 16-7.
@& Other Ground Support Equipment, shown

not shown).

16-5 Vulnerability Leveis for the

LANCE Missila System
quast vulnerability levels for the
components of the LANCE missile system are

shown in Table 16-3. Based on these values. the

in Figure 16-8 (contact Support Test Set is -
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Table 18-3. - LANCE, Characteristics anid Damage Levels for System Components -
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susceptibility levels of the LANCE missile sys-
ten during its various operational phases are
estimated to be as follows:
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® Missile System Dun'n Checkout, Pre!an
Phase, and Launching (LANCE) Sl

BN The blast vulnsrability of the principal
configurations of the LANCE missile system can

be obtained from Table [6-3 and Figure 16-9;
the figure includes curves from which the pres-
sure levels for damage corresponding to various
weapon yields and ranges may be obtained.
Table |64 shows a summary of the blast vulner-
ability of the susceptible subsystems in the
various configurations of the LANCE missile
system.

16-6 Reliability of LANCE
Vulnerability Estimates

The source of the LANCE system dam-
age data for the major items considered are




Deiected
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Table 16-4. m Blast Vuinerahility Summaziy, LANCE Missile System .
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ese data were uced ior the missile struc-
ture vulnerability.

- HAWK WEAPON SYSTEM .

16-7 Dascription of the HAWK
Woipon Systsm

The HAWK is a surface-to-air, supersonic
air defense system, designed to detect and iden-
tify airborne targets by means of radar, and to
intercept and destroy those designated as hostile

brsf s,

(X))

e

with homing guidance missiles. ¥  ‘ .

RN

-
X

major ilems of the HAWK system are:
o HAWK Missile Body, shown in Figure 16-1.
® Missile Loader, shown in Figure 16-10.
® Missile Launcher, shown in Figure 16-10.
® Assault Fire Command Console (AFCC) or

Battery Control Central (BCC), shown in
Figure 16-10.

® Radar Units, including
{1) Range-only Radar (ROR), shown in
Figure 16-11.
(2) Pulse Acqguisition Radar (PAR), shown
in Figure 16-11.
(3) CW Acquisition Radar (CWAR}, shown
in Figure 16-11.
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Table 16-5. -HAWK, Characteristics and Damage Levels for Systern Components U
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(4) CW IHumination Radar (CWIR), shown

in Figure 16-10. )

Structurally, the missile body consists of

four major sections: the warhead section; guid-

ance components; rocket motor; and surface
controls.

16-8 WVulnerability Levels for the
HAWK Missile Syscom SN

W Biest vuinerability fevels for the compo-
nents of the HAWK missile system are shown in
Table 16-5. Based on these values, the siscepti-
bility levels of the HAWK missile system during . 5 C T
its various operational phases are estimatedtobe ¢ Afyceile System During Checkout,
as follows: L " launch, and Launch (HAWK).SARTIR
. ® Missile Parts in Containers at Storage Site - - A

(HAwWK,). G RS '
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of the susceptible subsystems in the various con-
figurations of the HAWK missile system.

16-9 Reliability of HAWK
Vuinerability Estimates

DA
éﬁ‘) {1

Haﬁ‘

The sources of the HAWK system dam-
agedata for the major items considered are:

ot
2%
""é‘ﬁ?‘

e blast vulnerab:hty of the pnnmpal
con 1gurations of the HAWK ‘missile system can
be obtained from Table 16-5 and Figure 16-12;
the figure includes curves from which pressure
levels for damage corresponding to various weap-
on yields and ranges may be obtained. Table
16-6 shows a summary of the blast vulnerability

Table 16-6. ' Blast Vulnerability Summary, HAWK Missile System '
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SAMPLE PROBLEM: AIR BLAST
DAMAGE TO A TACTICAL
MISSILE SYSTEM

- The material presented above concerning
the SERGEANT, LAMCE, and HAWK weapon
systems is used to estimate the blast vulner-
ability of the HENEST JOHN weapon system as
an illustration of the methods by which the vul-
nerability data may be applied.

16-10 Description of the
HONEST JOHN System [
pThe HONEST JOHN is a 762 nm,

surface-to-surface, field artillery rocket designed
to deliver warheads, weighing between 1,000

NOSE BASE

HINGED WOSE SHELL
ASSEMBLY

-NQSE CONE

PEDESTAL

FORWARD MOTOR
FAIRING

and 1,500 pounds, at horizontal ranges up to
about 26 miles. It uses solid propellant, and it
follows a ballistic trajectory after firing (no guid-
ance).

The HONEST JOHN system is mobile by
both ground and air transport. The principal
units of the system are the following:
® Compiete rocker. The rocket includes a
warhead section, motor assembly, and fins,
for which containers are provided (see Fig-
ure 16-13).
® Launcher, truck-or irailer-mounted. The
launcher includes the launching beam
assembly, elevating and traverse mechan-
isms, and electrical controls (see Figures
16-14 and 16-15).
® Other ground support eguipment. A
wrecker, transporter trailer, generator, -
motor and warhead cradles, and handling-
beam make up the ground support equip-
ment (see Figure 16-16). =

Table 16-7 lists the weight and size of
the various HONEST JOHN components. The
principal operational phases can be listed as
follows:

@& Storage at Storage Site,

NOZZLE FAIRING

RCCKET MOTOR

Figure 16-13, - HONEST JOHN, Major Compsnants of Racket “
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Table 16-7. m Missile System Components — HONEST JOHN .

Refer to Dimensions (in.)
ftem Figure {Weight {Ibs)) Remarks
1. Missile Components (in containers)
(a) Warhead sections - 144 x 50 x 45 Plywocd containers
(2,500)
(b) Guidance sections None -
(c) Rocket motor secti.ons} — 235 % 44 x 38 Plywood containers
(d) Fins } {3,500}
2. Missile Body (assembled)
(a) Ready for launch 13 327 x 28
{3,750)
(b) In-flight (near target) 13 327 x 28 Propeliant burned
(2,000}
3. Transport Equipment
(a) Semitrailers 16 315 x 97 x 48 w/o missile
(3,500}
(b) Trucks (M543 or Mé2) 16 210 x 97 x 103
{34.000)
4. Launch’ Equipment
(a) Lightweight launchers - 346 x 83 x 61 wfo missile
{4,375)
{b) Seif-propelled launchers 14, 15 508 x 121 x 151 w/o missile
(42,000
(c) Loaders (handling unit on 16 310 x 97 x 210 w/o missile
M62 truck) (40,000)
5. Auxiliary Ground Equipment
{a) Firing unit assembly - 36 x 24 x 24
. (300}
(b} Sighting equipamnt - 36 x 20
- (175)
(c) Generator sei 16 60 x 30 x 30 On truck chassis
(1,800)
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¢ Battalion Area Test and Repair,

o Transportation to Firing Site,

e Emplacement and Prefire Preparations,
e Flight.

16-11  Vuinerability Leveis for HONEST
JOHN Missile Systam

q Blast vulnerability levels for the
principal system configurations of the HONEST

JOHN missile system given in Table 16-8.

TNA

® Missiles in Containers at Storage Sue
' (HONESTJOHN) 3

(&N U
Tavte 16-6. YRR Summary ~ HONEST JOHN wu
Y SArks
NA
[5@ X
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® Missile S.reCheckaw an
.gunch Operations (HONEST JOHN). B

SRR The blast vulnerability of the principal
configurations of the sample missile system
(HONEST JOHN) are described in Table 168
and Figure 16-17; the figure includes curves that

VLT TR APRAINN  allow the determination of pressure levels for
® Missile in Flight (HONEST JOHN). RSB damage corresponding to other weapon yields.
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Figure 1&17.- HONEST JOHN, Major item Blast Vulnerability .
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SECTION Ii

BLAST AND THERMAL
VULNERABILITY OF IN-FLIGHT
STRATEGIC SYSTEMS

- INTRODUCTION ‘

The blast and thermal damage to stra-
tegic systems are considered together since blast
and thermal effects are closely associated in the
physics of a nuclear explosion and also because
the damage mechanisms of these two effects
tend to interact and. at times, complement each
other. It should b¢ noted that this section oniy
treais damage to in-flight aerospace systems;
blast and thermal damags to surface and under-
ground installations characteristic of the ground
support portions of a strategic system are
treated separately in Chapter 11.

R Blast effects are important to in-flight

approximately 100,000 feet (about 30 kilo-
meters). When a nuclear explosion occurs in this
altitude region, the blast wave is formed by con-
ventional hydrodynamic processes as the fireball
expands, The details of these processes depend
on the yield of the weapon, the altitude of
burst, and the weapon design (see Chapter s)
The latter consnderatlon (weapon design) i

portant as warheads are

\taliored o g il R

enhance specif] - . The
mechanisms of blast wave formation are reason-
ably well understood from a theoretical view-
point for nuclear bursts up to altitudes as high as
50 kilometers but experimental verification is
lacking (see paragraphs 2-42 through 2-44},

{U) Blast is important to in-flight strategic
systems operating below about 100,000 feet, in
terms of the following effscts:

® QOverpressure (siatic or dynamic) crushing
or bending of the primary structure.

-alegle Systems from sea level to altitudes of ™

- & Gust {(or decelergtion) loading on primary
and/or secondary (internal) structures.
@ Trajectory deviation (CEP degradation).
@ Alteration of aerodynamic stability.
The thermal radiation (exctuding X-ray

effects*) associated with a nuclear burst must be
considerad from two main aspects;

o “Early” time thermal radiation ecmitted
from-a distant source that is incident on
the missile surface; this radiation comes
from the firekall and from the high-
pressure shock {ront.

® Missile “fly-through’ of the fireball region
at “later” times, with the associated ther-
mal radiation imposed on the body surface
while it is inside the fireball region.

In addition to considering the effects of -
blast and thermal radiation on in-flight strategic
systems separately, the possible coupling of
these two effects in producing damage to the
system should be considered. The magnitude of
possible coupling effects probably will depend
on the detatls of the system design; general state-
ments are not valid.

The two major strategic systems of con-
cern are defensive antimissile missiles (AMM),
more commonly known as ABM, and offensive
reeniry vehicles (RV). Both systems respond to
exposures to the environment produced by nu-
clear explosions in similar manners, despite sig-
nificant differences in their configurations (Fig-
ure 16-18). The degree to which any system will
respond depends an the flight characteristics of
the specific vehicle involved, but, in general,
there is considerable cverlap between RV’s and
ABM’s with respect to their velocity at different
altitudes within the atmosphere. A comparison
of operational regimes is shown in Figure 16-19.

See Section V, Chapter 9 for a discussion of X-ray effects
on aerospace vehicles,




A

ABM RY

Figure 16-18. w ABM and RV Configuration

Comparison B

Jeey The first two categories of blast effects
itsted above, static and dynamic Overpressure
crushing (or bending) and gust {acceleration)
loading can damage the systemn physically, i.e.,
the blast wave from a nuclear explosion at alti-
tudes up to 100,000 feet can cause permanent
structural deformation to reentry vehicles, inter-
ceptor missiles, boosters, and aircraft. As the
structure crosses the shock front, it is suddenly
immersed in a “new,"” transient pressure ficld,
hence, the term “pressure crushing.” There is, of
course, a complicated shock interaction when
the bow shock surrcunding a supersonic vehicle
intersects the shock front of the blast wave. This
interaction remsts in a high pressure transient
{“shock-on-almeck™ load) thiat decays quickly to
3 quasi-steady loading behind the front. The
duration of this transient or “spike” can be
quite short (tens of microseconds) compared to
the response time of the vehicle. At the same
time, the vehicle structure is suddenly subjected

70
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Figure 16-19. ABM and RV Operating

Envelape Comparison

to a gust loading or an additional aerodynamic
loading that results from the particle velocity
and the over-density behind the shock {ront that
causes a jump in the dynamic pressure, which
causes an abrupt deceleration of the whole
vehicle body.

The extent of physical damage cr struc-
tural response from either pressure crushing or
gust loading depends on the distance from the
target to the burst point, the orientation of the
target, the strength and duration of the blast
wave, and the preblast flight loads imposed on
the vehicle. These last loads depend on the
speed, trajectory, and physical design character-
istics of the vehicle. For an incoming reentry
vehicle, the altitude of maximum deceleration
from atmospheric drag depends on the bailistic
coefficient, 8. The ballistic coefficient is defined
as § = W/C A, where W is the vehicle mass, C, is
the drag coefficient, and A4 is the body reference
area. As the ballistic coefficient ts increased, the
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altitude at which the vehicle experiences maxi-
mum deceleration is decreased. The high per-
formance, thin, cone-shaped vehicles have very
high ballistic coefficients. Figure 16-20 shows
the various response regimes for an interceptor
missile including structural, 2.g., shell buckling
and beam bending, rigid body, and thermal

response.
# Rigid body response describes the gross
whole™ body motion of an in-flight strategic

vehicle that results from passing through the
blast sphere and the fireball interior. It includes
trajectory deviation (CEP degradation). aero-
¢d-rnamic stability changes, and the drag forces
exerted on the overall vehicle; it should be noted
that the deceleration forces imposed on the
whole body also are transmitied. in a complex
mannet, to the internal components of the
missile system. Trajectory deviation occurs when
the blast wave deflects or displaces an in-flight

vehicle from its preassigned (or benign environ- |

BLAST SPHERE AT
VEHICLE ENTRANCE

VEHICLE -7

/"-\

ment) trajectory. Since this trajectory alteration
results fr m the direction of the blast winds
behind the shock front, this type of rigid body
response depends on the relative geometry of
the target and the explosion. If the system
misses the target by an unacceptably wide mar-

in, it will not be effective.

hﬂPassing through the hot fireball results in
a al load on the system in addition to the
thermal loads caused by the benign reentry heat-
ing or the supersonic flight of an ABM. Conse-
quently, the impact of the roral environment of
a high altitude nuclear burst must be examined.
Figure 16-21 shows the nuclear encounter se-
quence for RV and ABM systems. The loading
and response of the vehicle at each point from |
through 6 is a function of the local environment.
the physical characteristics of the vehicle. and its -
flight profile.

After the vehicle enters the blast sphere,
it may traverse a region of density lower than

BLAST SPHERE AT

\<,VEHICLE EXIT

" |e— riGID-BODY —>
RESPONSE
STRUCTURAL rt—THERMA L —™ STRUCTURAL
RESPFONSE RESPONSE RESPONSE

Figure 16-20.- Response Regimes for Interceptor Missile -
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ambient before it exits the blast sphere, This
may affect its flight stability, depending on the
design characteristics, i.e.. static margin and rate
of damping. Under some conditions, a reentry
vehicle on a ballistic trajectory may tumble in
this region and/or subsequently emerge from the
blast sphere with a large flight angle of attack,
which may cause severe structural loading and
may result in serious damage. Even if tumbling
does not occur, exit loads imposed on a vehicle
at a large angle of attack sometimes could be
greater than initial entrance loads. Also, since
the RV may exit the blast sphere at a large angle
of attack. loss of accuracy and increased disper-
sion are likely. This is particularly true for
advanced systems that use slender body config-
urations whose drag coefficients are very sensi-
tive to chang in angle of attack.

Maneuvering reentry vehicles are being
considered with a view toward aveiding a nu-
clear encounter or reducing the exposure time
by altering the usual ballistic trajectory on re-
entry. However, while the maneuverability of

/ RE—ENTRY
TYPICAL G TRAJECTORY

é‘ TO INTERCEPT

TYPICAL
ABM

Nuclear Encounter and Eveny
Sequence for RV and ABM ‘

the reentry vehicle could increase its surviv-
ability, it could, under some circumstances, also
increase its vulnerability to blast. The maneuver-
ing vehicle would experience more severe aero-
dynamic preloads, to which the air blast induced
lo ould bs added.

These maneuver load effects also can be
important for ABM systems. Since ABM'’s are
required to maneuver within the atmosphere,
control surfaces, which also are susceptible to
damage from gust loading, are involved. For
many situations, assuming a range of yields and
warhead designs, spacing between interceptors is
governed by blast fratricide. In a saturation
attack, the stepdown firing doctrine for defense
tactics depends directly on the hardness of the
interceptor to all nuclear effects. Consequently,
a complete description of the nuclear environ-
ment is necessary to predict the effects of a nu-
clear burst on in-flight strategic systems. With
respect to the blast wave, the parameters of
interest include overpressure, particle velocity,
density and temperature, as a function of both
time and distance.
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- The propagation of the blast wave from
the point of burst downward through a non-
homogeneous atmosphere must be considered.
Atmospheric inhomogeneity is not a serious
problem for small yields at moderate heights,
although it does distort the blast sphere some-
what. Blast wave inhomogeneity becomes more
severe as the altitude of burst is raised above
about 100.000 feet: however. it is significant
that at these higher altitudes, blast begins to be
less severe as a damage mechanism than other
competing effects.

16-12 Sources of Data u

The blast effects on early RV's were
exprassed in terms of rigid body gust loading or
*g” levels of deceleration. When these g loads
were added to the normal “peaceful” reentry
loads and ihien compared to design safety fac-
tors. it was found that the early RV designs were
relatively soft and had large radii of blast vulner-

ability that outreached over nuclear effects. At

these “vulnerablie™ ranges. overpressure levels
were so low that local crushing or beam bending

ot a problem.
“ As better theoretical models of the nu-

clear environment have been developed. blast
loading and structural response calculations have
become more sophisticated. Progress has been
made. from the early engineering analysis of
simple spring-mass modeis subjected to idealized
loading. to more complex computer codes that
handle rings and shells subjected to loads more
representative of the nuclear engagement.
including local body pressures. Through the use
of 6-degree-of-freedom trajectory eodes. the tra-
jectory dispersions induced by the blast wave
can be computed amd the tumbling within the
blast sphere can be predicted using approximate
values of environment levels. Theoretical anal-
yses have been developed to treat the shock-on-
shock interaction and these analyses have been
confirmed at normal incidence by experiments.
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Test techniques have been developed to deter-
ine properties of materials at high strain rates.
Early programs to determine blast and
thermal vulnerability of in-flight strategic vehi-
cles include HARTS, SPINE, and ABM Vulner-
ability and Hardening. These research programs
were closely coordinated with the research
requirements of systems designers. This coordi-
nation is shown by the following list of the
various configurations of research vehicles that
have been studied and their counterparts in
terms of military systems.

Research System
Program Vehicle Application
Air Force HARTS A Mark 12 (RV)
Air Force HARTS B Mark 11A (RV)
Army AIRS 1 SPRINT (ABM)
Army AIRS 1l SPARTAN (ABM)

This correlation permits use of physical data and
the aerodynamic coefficients obtzined during
the development of the specific systems.

16-13 Limitations in Application
of the Data

Since vulnerability {or damage) assess-
ment of an in-flight strategic vehicle is such a
strong function of the detailed characteristics of
the specific vehicle, it is virtually impossible to
devise a general method of vulnerability deter-
mination that could be applied to any vehicle.
Some of the parameters that ¢nter the problem
are the details of the design of the primary struc-
ture of the vehicle (including all materials used,
internal supports. field joint fixtures. etc.), the
design fearures of the internal compeoneants and
how they are supported on the primary struc-
ture, the detailed aerodynamic characteristics of
the body and how it may fly (inciuding the
possible requirements for maneuvers). There-
fore, it is obvious that an accurate definition of



the blast and thermal vuincrability of a parricy-
lar in-flight strategic vehicle requires a great deal
of analysis and the use of specislized computa-
tional madels as well as experiments. Such anal-
ses are beyond the scope of this manual.

_ The foliowing discussion will attempt 10
explam, in general terms, the technical aspects
of the problem that appear to have the most
important influence on the determination of nu-
clear weapon blast and thermal damage to in-
flight straiegic vehicles. The technical discussion
will be presented under two main sections, ane
deveted to RV bodies and the other to ABM
vehicles; some of the material appearing under
the RV section will be applicable to the ABM
and, where this s the case, it will be noted.

q BLAST LOADING ON
REENTRY (RV) SYSTEMS .

->The general approach used herein to
descnibe the important factors related to the
determination of blast and thermal vulnerability
of reentry vehicles was generated primarily
under the Hardening Technology Study
(HARTS), The HARTS wehicles that were
studied are shown in Figure 16-22. Configura-
tion A is a blunted cone and Configuration Bis a
sphere-cone-cylinder-flare. The dimensions and
the ballistic coefficients are shown in the figure,
Table 16-9 lists the range of parameters that
were used in the HARTS studies. The term
“hardness level” will be explained below.

16-14  Environmant Scaling E

The nomenclature used to describe
R ast intercept conditiohs is shown schemat-
ically in Figwre 16-23. The conditions pictured
correspond fo those where the RV does not
traverse the center of the burst fireball (p = 0°).
As described in Chapter 2, blast scaling has been
used extensively to predict air biast environ-
ments. Since RV intercept loads and traversal
phenomena depend on the blast parameters, it is

Table 16-3. ‘ Range of Basic Parameters
for HARTS ||

Blast yield 30, 200, and 440 kt —

blast environment
from Hillendahl
FIREBALL code

30.000 to 100,000 ft
0 to 90 deg

Minimum energy tra-
jectories for 2.000,
5,500. and 7,000 nm
ranpes

200 to 1,000 g

Intercept altitude
Intercept angle (p)
Trajectory

Hardness levels
(axial acceleration
for head-on intercept)

2,150 /it

Configurations A:
B 630 1b/fc?

(see Figure 16-22)

possible to scale RV intercept loads and traversal
phenomena in a manner similar 1o the blast

arameters.
h Figure 16-23 indicates that there are two

mmporiant radii. First, the distance between the
burst center and the vehicle at the time of
detonation, denoted by RD, is significant for the
comparison of prompt effects (e.g.,, neutrons,
X-rays, etc.) as well as blast effects. Considera-
tion of these RD vajues for various vehicle paihs
and orientations results in vulnerability enve-
lopes referred to as burst lime envelopes.
Second, the distance between the burst center
and the vehicle when the blast wave intercepts
the vehicle, denoted by RB, results in envelopes
referred to as intercept time envelopes. The
reference time for which the envelope is con-
structed must be specified for each envelope.

m “‘Hardness Level” is a useful parameter
to hold constant when studying blast phenom-
ena. Hardness level is defined as that axial load
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Figure 16-22. u HARTS Configuration ’
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Figure 16-23. . Blast intercept Conditions Nomenclature u




acceleration experienced by a vehicle intercept-
ing a blast wave head on (p = 0°) at zero angle-
of-attack (a = 0). For a given yield, burst alti-
tude. and configuration combination, the speci-
fication of a blast intercept hardness level deter-
»ines the blast wave radivs. This in tum deter-
mines the blast front environment. Blast scaling
laws indicate that these blasi front conditicns
are identical to those at a different yield and
radius where the new radius is equal to the old
radius multiplied by the cube root of the ratio
of the yields. For example:

RB, = RB (W,/W )V (ft),

2
where RE, and RB| are the blast intercept radii

for yields of W, and WL, respectively, and in
general,

RS = REB/WY3 (fu/ke!/3),

where RS is known as the scaled intercept radi-
us. Values of scale radius. RS. at constant hard-
ness leve| for varying altitude are shown in Fig-
ure 16-24. A similar presentation of scale time
of blast intercept can be made. since time and
radius are proportional. Thus, in general.

T = oW (secrke!l),

where ¢ is the time after burst to intercept and
7,is the scaled time. Values of scaled time, r, for

“illustrated

ions 1ps are defined in a manner Lhat data for
any vield can be derived over the given range of
hardness levels and burst altitudes. System anal-
ysis parameters such as slant range SR, lead dis-
tance LD, and offset distance ©OD, from the
burst at time of explosion also can be derived
simply. For a given hardness level and burst alti-
tude one RS and T, combination exists. For
specified yield,

RB = RS w3 (fv)

..,
N

T W3 (sec).

Referring to Figure 16-23, the following spacing -

relationships are apparent.
CD = RA sin p,

LD ~ RB cos p + V1.

= (LD* + oDM)'2,

where ¥ is the RV velocity, and the other
e defined in Figure 16-23.

B Deciermination of iead distance is
in Problem 16-1. The variation of
hardness level with altitude and slant range is
shown in Figure 16- -‘ ! e

T A

TAlEY



' Probiem 16-1, Calgulation of Hardness Level

T ricures 1624 and 16225 show the scaled

biast radius and scaled time of blast intercept,
respectively, for a Configuration A vehicle on a
5,500 nautical mile flight path as # function of
burst altitude for various haraness levels.
Various system parameters may be determined
from Figures 16-24 and 16-25 as discussed in

: 16-14.

W Example

) en. A HARTS Configuration A vehicle
(Figure 16-22) is on a 5,500 nm trajectory. The
RV hardness level is 500 g.

Find: The slant range at which the RV
would experience a head on (¢ = 0°) load equal
1o its hardness level if it were exposed to the
last wave W R N SR R

Answer: If the RV is more thanfy .
away from the specified explosion at the time 0
burst, it wiil not be damaged by blast.
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16-15 General intercept Loads
and Load Duration .

The aerodynamic loading on hypersonic
reentry vehicles can be divided into two general
categories: steady staie loading and transient
loading. Steady state loading occurs when the
pressure, density, particle velocity, and tempera-
ture do not change with time. Transient loading
occurs when there is a time change in the

jronment su:rounding the reentry body,
ﬁl‘he vehicle experiences a continuing
change in environment during normal rzentry.
However, since this change is relatively slow,
steady state drag loading p.ovides a good
approximation for normal reentry conditions.
For any type of flow over a body, the local

pressure at any point on the surface can be
found from the relation:

P, =P + qc,,

where
£, = pressure at some point on the body
surface,

P, = f{ree stream ambient pressure,

g = free stream dynamic pressure.

€y = local pressure coefficient.
Classic Newtonian impact theory provides a
simple closed-forin solution for the local pres-
sure coefficient. ¢_. For steady state, hypersonic
fiow (above Mach 5) this theory provides ade-
guate loading predictions. For any body of
revolution the Newtonian theory predicts:

c, ® 2(cos @ sin & - sim a cos & sin § ?2,

where

a = angle ‘between the vehicle longitudinal
axis and the relative wind vector,

§ = vehicle semivertex angle,

B, = rotational angle about axis of reentry
vehicle.

’ A vehicle experiences axial and lateral
ecelerations and local pressure loading during

normal reentry. The amount of deceleration and
local pressure depends on the vehicle reentry
angle, velocity, shape, weight, and altitude. Fig-
ures 16-27 through 15-29 show some nominal
reentry trajectories. Thesc graphs only include
the combinations of reentry velocity and rezntry
angle that correspond to a ballistic missile having
a nominal range of 5,500 nm. The resniry
vehicle is characterized by the ballistic coeffi-
cient, which is varied over a range of values
typical for reentry vehicle designs. Calculations
for the parameters (velocity, altitude, and time)
of the reentry trajectories were begun at an alti-
tude of 400,000 feet, since this altitude is well
above that of apprzciabie aerodwnamic forces
for the reentry vehicles considered. The réentry
arnigles measured from the local horizental at
400,000 feet were chosen arbitrasily as 20 and
50 deprees. The corresponding reentry velocities
at 400,000 feet were determined from the basic
equation for vacuum ballistic trajectories. The
ballistic coefficients vary from 800 to 2.500
Ib/ft?. Below 100.000 feet the angle of attack is
largely damped out, and the lateral force is very
small.
The hardness level curves in Figure
-14 represent one value on the intercept/load
matrix of axial rigid body loads, G, for zero
blast intercept angle (¢ = 0°). It was determined
that, at constant hardness level, the blast {ront
environments for varying yields are essentially
identical. The last variable to be accounted for
in intercept loads is blast intercept angle. At
constant hardness level and altitude, the inter-
cept angle is the only factor that can affect
intercept loads by changing the angle between
the blast wind vector and the vehicle velocity
vector, thereby causing a blast induced angle of
attack at blast intercept.
(U) Blast yicld scaling also can be applied to
the scaling of intercept load duration, fireball
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traversal time; and total traversal time. Time and
radial distanece. are scaled with the cube root of
the yield. Interior biast phenomena can be
assumed to scale with the cube root of the vield
to obtain reduced radius or time. At any point
in time the blast can be imagined to have asize
of unity for 1 kt. The blast size for larger yields
is unity times the cube root of yield in kilotons,
on a relative basis. Since blast loading duration
depends on the blast size, which can be scaled,
the loading duration also can be scaled.

16-16 Intercept Load Duration

q intercept loads are a function of hard-
ness level, blast intercept angle, and blast alti-
tude. The duration of the load is necessary to
describe the intercept loading phase adequately.
Undzr most conditions, the intercept loading
history can be approximated by a triangular
shaped pulse, i.e.. intercept impulse is essentiaily
one-half the maximum Jload multiplied by the
duration time.

_Gldy,
T k)

/ g-sec.

The iatercept load time constant, Ay ps s

Ar“_P = = fge SEC,

where £, -~ is the point at which the intercept
load decays to 10 percent of its maximum value.

The scaled intercept load duration time, 7, p.1is
At o”
ILP )
T e— C ktlz 3 N
‘rll.l’ y /3 sec/

ﬂ Scaled wntercept load duration times for
a hardness ievel of S00 g are shown in Figure
16-30 for various intercept angles and altitudes,
The intercept load duration times and intercept
loads provide a usable set of data for estimating

the intercept load impulse. The duration times
apply to axial, normal, or total resultant loads.
In general,

At w3 sec,

e = Tie

and any load impulse is

1
i = EX AIU_I,G1 g~sec

where J, and G, represent any intercept load
impulse and maximum load, respectively.

16-17 Fireball Traversal Time

The time at which the intercept load has
ecayed to 10 percent of its maximum value
(end of the intercept load pulse) corresponds
approximately to the time when the vehicle
enters the fireball (temperature = 10,000 to
15,000°R). For practical considerations, the end
of the intercept load pulse and initial fireball
immersion can be considered as the same time.
The time ot fireball traversal is

A[FB = - g SEC.

'gFg

where fp .o is the time of exiting the fireball,
and the scaled time of fireball traversal is

Teg = AIFB/W”] sec/kt!/?,

Scaled fireball traversal timme for a hardness level
of 500 g is shown in Figure 16-31 for various
intercept angles and altitudes. The time of exit-
ing the fireball, tp g, is that time during the
exit phase when increasing dynamic pressure
reaches the ambient level at the blast altitude.
This time also is approximately when the tem-
perature level drops below 10,000 to 15,000°R.
1t should be noted that the point during entry at
which the decreasing dynamic pressure reaches
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am!mnt level is about the same as the point of
10 percent load.

16-18 Total Traversal Time g
Total blast traversal time is

ar = fp = & sec,

where tg is the time of exit from the blast wave

16-52

shell, and as before, ¢, is the time of intercept.
The scaled time of blast traversal is

T, = A:(/wl” sec/ktl/?,

Scaled total blast traversal time for a hardness
level of 500 g is shown in Figure 16-32 for
various intercept angles and altitudes.




Problem 16-2. Calculation nf Load Characteristics, Firebali
Traversal Time and Total Traversal Time

migures 16-30 through 16-32 provide the
information necessary to calculate the load char-
acteristics, the fireball traversal time, and the
total blast traversal time for a vehicle similar to

Configuration A with a hardness level of 500 g
that enters the blast front at varicus intercept

angles,
w Example ‘
en: An RV similar in design to HARTS

Configuration A (see Figure 16-22) with a hard-
ness level of 500 g that is traveling on a 5,500
nm trajectory.

and traversal times if the RV is exposed IENEE,

Find: The intercept load characteristics.

THF

e
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16-19 Exit.t.oads -

H Intercept load, intercept load duration,
irebatl traversal time, and total traversal time

are functions of hardness level, blast intercept
angie, and blast altitude (on a scaled basis). Exit
loads also depend on blast yield as well as the
functions listed above. This precludes any
unjversat scaling of exit loading: however, the
following are generally true of exit loading con-
ditions:

& The probability of obtaining higher exit
than intercept loads is very low for vehicles
similar to Configuration A.

o Exit loads decrease with decreasing inter-
cept hardness level.

16-20 Blast Data Generalization [N

The data sumimarized in the preceding
paragraphs were generated for Configuration A
with 2 5,500 nautical mile range minimum
energy trajectory, Loading and duration scaling
pracedures applicable to the blast problem were
demonstrated for this case. These specific data
are not directly applicable to any configuration-
range combination. However, by some simple
relationships and approximations, the data can
be applied to different configurations and
ranges, or combinations of boath, within limits.
ﬁ Configuration Variations. For other con-

igurations, assimne that the velocity, flight path

BOUNDARY  EXPANSION
LAYER *

e -
STAGNATIOMNSY

pom'r\rx ’

angle, and intercept conditions at the same blast
altitude are idenrical, With these constraints, the
intercept loads become a function of ballistic
coefficient and lift characteristics. For axial
loads,
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and for normal loads,
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where
__W 2
B = Cor 1b/ft
g = W lb-deg
* A @2

The term §, is defined as the normal force ballis-
tic coefficient.

16-21 Typical RV Aeradynamics u

A body that is moving along a reentry
trajectery at hypersonic velocities has a flow
field associated with it. The flow field is com-
paosed of the following mzin regions or charac-
teristics (see Figure 16-33): stagnation point,

EXPANSION

TRAILING
SHOCK

vISCOUS H:KE\

DEAD WATER RIEGIQNX

Figure 16-33. ‘Flow Pattern Around an Axisymmetric Blunt-Nosed Body -
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shock layer, boundsry layer, expansion shocks.
pressure and density contours, wake, etc. The
details of these flow regions are a strong func-
tion of the body shape, its velocity, and the
properties of the air (ie., altitude) through
which the body is moving. Consequently, the
flow ficld associated with even a single body is
constantly changing during the reentry process,

Figure 16-34 shows the pressure distribu-
tion (in terms of pressure ratio) over the surface
of a body siinilar to a HARTS Configuration B
vehicle as a function of vehicle velocity., The
pressure ratio is (Pb - P)/P, where Pb is the local
pressure at any point along the surtace and P is
the ambient pressure. The overpressure (1“,J - Po)
are shown for sea level conditions (P0 is the
ambient pressure at sea level) to provide some
idea of the overpressures involved. It is evident
that the overpressures near the stagnation region
exceed all other pressures by a wide margin for

this blunt body. It should be pointed out that

these pressuras do not take account of boundary
layer perturbations. but the calculated pressures
are indicative of actual flow field conditions: the
overpressures associated with the flow field
shock front are slightly higher than pressures on
the surface. The curves in Figure 16-34 may be
used to interpret the flow fields at altitude. For
instance, the ambient pressure at 50 Kilofect
is about one-tenth that at sea level. Thus, a
vehicle at 50 kilofeet traveling at Mach 10 would
have an overpressure on the flare of about 12
psi (i.e., 120/10) and stagnation value in excess
of 150 psi. If the vehicle were traveling at Mach
20. the flare overpressure would be about 41

si (410/10).
ﬁ Another #ypical reentry flow field,

which gives the preiaure ratio distribution over a
body similar to tde HARTS Configuration A
(i.e.. cone-sphere shape), is shown in Figure
16-35. Figures 16-34 and 16-35 emphasize the
differences caused by body shape. Depending on
the bluntness of the nose section, there is a very
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small region over which high stagnation pres-
sures exist. The pressures are virtually constant
over the conical section. Figure 16-36 also shows
sea level overpressure values for reference: the
overpressures shown indicate that at altitudes
near 50 kilofeet with the body traveling at Mach
20. the overpressure at the surface of the cone
section is about 32 psi.

16-22 initial Interaction of Vehicle
Flow-Field and Blast Wave

{Shock-Shock)

When the reentry vehicle bow wave and
the blast wave contact each other a region of
high pressure is generated. This region is charac-
terized by a value of pressure that is larger than
the value of pressure associated with either
shock wave before the interaction. The HARTS .
results can be summarized by referring to a
representative figure. Figure 16-36 shows the
variation of maximum overpressure ratio (shock-
shock maximum overpressure divided by quasi-
steady maximum overpressure, after interaction )
and duration with the nose surface angle for a
hemispherical nose at typical intercept condi-
tions (Mo =15 to 22 and My =5 to 8) assuming
v = l.4. The general conclusion to be drawn
from the upper curve of Figures 16-36 is that
the shock-shock interaction peak overpressure
will not exceed a factor of two larger than the
quasi-steady overpressure (after interaction).
Also, the lower curve on Figure 16-36 indicales
that the duration of the shock-shock interaction
is extremely short; as an example, if rV /R is
0.2, then 7 = 1 usec (10 sec) for VV = 20,000
ft/sec and R = 0.1 ft. However, it is evident that
for the same nose radius (R), the value of 7 in-
creases as the vehicle speed (V) decreases.

1623 Damage Envelopes W
“The culmination or end result of loading
and response calculations is the damage

envelope. The damage envelope defines a volume
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within which a burst of specific yield will cause
axial or lateral forces greater than those for
which the vehicle was designed. This envelope is
required as part of the iterative processes in
which tradeoffs involving weight penalties.
yields. target damage criteria, defense capa-
bilities, dispersion and booster capabilities must
be considered. Two basic steps in determining
the damage envelapes for an RV are: construc-
tion of the Locus of Escape (LOE); and location
of points, relative {0 burst point, where the RV
i iected to forces equal to design loads.
% Tha nomenclature defined by Figure
-23 will be used for simplicity and clarity. In
this blast-intercept configuration, point A is the
position of the RV at time of detonation; B is
the point of intercept of the RV and the blast
sphere; OD is the distance of closest approach of
the RV to the burst center. The distance LD is
called the lead distance, and RB is the radius of

epi. .
% A reference trajectory is introduced to
efine a new coordinate system. This trajectory,

which is one axis of the new coordinate system,
is parallel to the R ¥ trajectory and intersects the
burst point (Q) (see Figure 16-23). With the
center of this coordinate system at O, the other
axis is perpendicular to the reference trajectory.
This coordinate system locates the position of
the vehicle at the time of detonation relative to
the reference trajectory.

The following procedure is used to con-
struct the locus of escape (LOE£). The LOE
defines a volume, outside of which the reentry
vehicle will not intercept the biast shock wave.
Figure 16-37 illustrates a situation from which
one point on the &OE is defined. During the
time interval {r_ - r;_l;tke shaock front expands to
point C. During th& time interval (/_ - 1,) the
vehicle travels from point X to point C where it
intersects the shock front. If (t_ -1, )=(s -1,)
X is a point on the LOE. The distance XC is the
lead distance, while OC is the crass range. To
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determine another point on the LOE, pick an-
other radius of intercept and find a distance
X'C such that (¢, - £ )= (1. - ¢ ). Determination
of several points, both above and below the
reference trajectory, wiil define the LOE,

The next step in defining the damage
envelope is to determine locations, with relation
to the burst, at which the reentry vehicle would
suffer lateral and axial forces equal to the design
loads. Sufficient locations must be selected and
g loads calculated for each point so that iso-g
contours can be constructed, Correlation of
design loads with these iso-g contours defines
the damage envelope. In this case, a g level is
specified as the damage criterion.

(U) Figure 16-38 is a qualitative example
that shows the LOE and the lateral and axial
iso~g contours, This figure is orented with-
respect to a reference trajectory. Figure 16-39
shows the relation between Figure 16-38 and a

ituation.
It must be realized that the g loadings
described in the above examples are those ex-

perienced by a rigid body vehicle. Since the
forces are applied dynamically, dynamic amplifi-
cation factors must be considered. Displuce-
ments that result from dynamic loading can be
greater than those that resule from static load-
ing. Thus, the effective torce experienced by the
warhead or other internal companents may be
moje than the rigic body g's.

ﬁlt should also be noted that the response
of reentry vehicies depends not only on peak
values of the force, but also on the rate of ap-
plication and the rate of decay of the force. Hav-
ing sustained the peak value of the force, which
occurs at the snock front, the reentry vehicle
suffers lasser farces and pressures as it penetrates
the blast sphere. Complete and accurate defini-
tion of the damage envelope must include
responses during the entire force-pressure time
history. This will be discussed further in connec-
tion with the structural response analyses of




ALTITUDE OF INTERCEPT
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ts = TIME OF DETONATION

te= TIME SHOCK FRONT AND RV ARE AT POINT C

t.= TIME RV IS AT POINT x

ngure 16-37. a Determination of Locus of Escape .

16-83



Ly BOUNDARY
3 OF DAMAGE
ENVELOPE

ALTITUDE

GROUND RANGE FROM TARGET

Figure 16-39. nlnﬂight intercept ‘

16-65




' sinoluo] B-05) aaiterenp ¥ ‘oo-g) ainbiry

IA2NVYLSId avan

N

IMVYH SS0HD

sb wixv
56 we3Lv1 — —

16-64



b

AL '

!!!1 vehicles (paragraph 16-32). It is evident

that damage criteria other than rigid body g
levels can be specified to define the damage
envelope for a vehicle.

RESULTS OF SOME RV
BLAST AND THERMAL LOAD AND
VULNERABILITY CALCULATIONS .

As pointed out in paragraph 16-13, it is
impossible to condense the determination of
blast and thermal vulnerability into a generalized
methodology suitable for hand computation,
The computations are associated too intimately
with the design details of the particular RV of
interest. In order to provide the users of this
manual with some understanding of the proced-
ures involved in such computations, some
typical calculations are described in the follow-
ing paragraphs.

16-24 Blast Loads on the RV n

Assume that a reen
g survive 200 cal/cm [ . .
ORI i1icident ATZYCHVironment.
¢ mtormanon desired is whether or not the
R will be vulnerable to blast and/or thermal
effects at any point along the trajectory. The
sample vehicle is assumed 1o have the following
parameters.

It is 4 6° sphere cone configuration,
® The ballistic coefficient is § = 1,000 Ib/{t>.
¢ Reentry altitude = 400,000 feet.
® Reentry angle = -35°,

e Reentry velocity = 17,000 ft/sec.
Two questions are examined separately to ob-
tain the desired information.

@ What blast load (axial and lateral accelera-
tions) accompanies 200 cal/fcm?® incident
X-ray exposure at the altitudes of interest
from the standpoint of blast?

# What are the minimum axial and lateral
rigid body accelerations thar will allow
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blast survival through all altitudes for sepa-
ration distances equal to the vacuum sepa-
ration distance for 200 cal/cm’® incident
X-ray R(the minimum separa-
tion during ¢ mospheric flight)?

Figure 16-40 shows the results of cal-

culation of the axial and lateral rigid body g

loads as a function of intercept altitude that
woutd result when the RV Is initially separated
from burst 50 as not to receive more
than J0U caljcm- X-ray energy incident on the
vehicle. The vacuum separation distance for this
X-ray level is about 11.C00 feet (Chapter 4), and
if the vehicle maintains that separation between
altitudes of 40 and 100 kilofeet it will attain
maximum g loads at an altitude of 40 kilofeet.
The axial load at this altitude is 230 g's and the
lateral load is 280 g's. At intercept altitudes less

than 40 kilofeet, the rigid body loads will be less

for the same separation distance.
The axial and jateral [oads that would
be sustained if the separation distance is such

that 200 cal/cm? X-rav energy were deposited
from vaupon are also shown in
Figure 16-40. The approximate distances are

shown as a function of intercept altitude in
Figure 16-41.

“ Figure 16-41 shows near rmaximum
separation distance as a function of itercept
altitude for the 230 g axial load and the 280 g
lateral load. The approximate 200 cal/cm?® sepa-

ration distances also are nction of

intercept altitude for thw‘@ﬂﬂon-

The maximum separation distances for

dx1al loads were obtained for the near head

on interception of the RV by the blast wave.

The maximum distances for the lateral loads

were obtained from the near side on intercep-

tion, i.e.. 65 to 70° measured from the nose of
the vehicle.

The incident blast overpressures required

to induce the g loads are shown in Figure 16-42

for the 230 g axial and 280 g lateral loads of
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Figure 16-41. At 40 kilofeet intercept altituds. a
minimum overpressure of 22 psj is required 1o
attain the 230 g axial load. The overpressure
required to attain 280 g’s laterally is 18.5 psi at
40 kilofeet, and a minimum of 13.5 psi is

required above 90 kilofeet altitude.
#thure 16-43 shows the curves of g

load as a function of maximum separation dis-

tance for a 40 kilofeet altitude intercept by a
blast wave fromhweapon. It should be
noted, from this hgure, that extremely large
separation distances are indicated if the lateral
hardening of an RV is less than 100 ¢'s. For
yields less than or greater thanh this sepa-
3ti nge changes approximately as
The approximate nature of this
ratio results from the change in the velocity of

the vehicle between the points of initial separa-
tion and interception.

“Based on this brief examination of
the results of calculation of blast vulnerability,

the main conclusion is that rigid body loads of
280 g's axially and 230 g's laterally are com-
patible with the 200 cal/fcm? X-ray hardening of
the RV. Moreover. if the RV rigid body response
hardness level falls short of these g levels, the
blast effecis may predominate as a damage
mechanisin. More specific trajectory/blast cases
must be studied to deisrmine the required g
loading criteria for balance with a 200 caifem?
X-ray criterion.

16-25 Thermal Radiation Loads
on the RV

_ A sample investigation has been
made ot the free field thermal radiation incident

on the same RV described in paragraph 16-24 as
it flies through a nuclear burst in the lower
aumosphere. The basic trajectory considered in
this study had a reentry velocity 17,000 ft/sec
and a flight path angle of -35°. In addition, a
limited study was performed for a 19,200 ft/sec/
-75° trajectory. Thermal radiation heat loads
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altitudes. Burst yields o arl were
alsq considered at the 60 kilofeet altitude.
The thermal radiation heat flux pro-
duced by a nuclear burst can be obtained as a
funciion of distance, direction and time from
the radiationf/hydrodynamic calculations of
Hillendahl that were used to describe the ther-
mal source in Chapter 3 together with the appro-
priate form factors. These are free field thermal
radiation data and do net include any interac-
tion between the vehicle and the radiation fietd,
i.e., the possible attenuation of radiation result-
ing from an apaque layer of vaporized heat
shield materiat in the flow field surrounding the
vehicle was not included (see paragraph 16-31
for a discussion of these “blocking™ effects).
The total free field heat load to the stzgnation
point, cone, and base region of the RV was
. determined by integrating the heat flux as a
function of time after detonation, assuming a
straight line, constant velocity trajectory in the
vicinity of the burst,
M The total rodiation heat load for this
example is shown in Figures 16-44 through
16-46 as a function of the initial slant range of
the vehicle, burst altitude, burst yield. and tra-
jecrory. For initial slant ranges less than about 3
to 5 kilofeet, the heat load is very large (35.000
Btu/f1?) and is essentially independent of loca-
tion on the vehicle. For a fixed burst yield and
initial slant range, the heat load decreases with
increasing altitude: conversely, for a fixed burst
altitude and initial slant range. the heat load
increases with increasing yield. Finally, a higher
velocity trajectory increases the heat load for a

ere computed for head on intercepts o(‘
ﬁburst at 40-, 60, 80- ani iOO-kﬂofeet urs

fixed vield and altitude.
m’fhe thermal data shown in Figures
16-44 through 16-46 could be used in conjunc-

tton with the blast data of paragraph 16-24 to
determine the total radiation heat loading as a
function of blast loading (rigid body axial load

/29.;. l4d- 71 “p,}‘,_;u‘



Figure 16-44,
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Thermal Radiation Heat Load on the Cone as
g Function of Initial Slant Range for
Several Burst Altitudes
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actors). As a particular example, these data
show that, for a 350 kt burst at 40 kilofeet and
the 17,000 ft/sec/-35° trajectory, the radiation
heat load on the cone associatzd with a 200 g,
head on intercept condition is enly 530 Btu/ft?.
whereas for a2 300 g intercept condition it is
5.400 Btu/fi?. This particular example indicates
that a 50 percent increase in blast hardness (as
measured by the rigid body g criteria} produces
an order of magnitude larger thermal
environment.

16-26 Description of a Blast/Thermal
Vuinersbility Determination

This paragraph continues the destion

e sample computations that were described
in parcygraphs 16-24 and 16-25. The determina-
von of the sample RV to blast and thermal
effects produced by a nuclear weapon burst is

described below.
#The blast vulnerability analysis of the
15 made under the following assumptions:
e 6° sphere cone vehicle with a ballistic
coefficient of 1,000 lo/fi? (assumed con-
stant for normal reentry).

® Point mass-zero lift trajectories were used
in the computations.

¢ Reentry altitude = 400,000 ft.
he biast model used in the computa-
tions 1s considered to be an upper bound to a
conventional weapon blast output. Modified
Sachs® scaling (see paragraph 2-14) was used in
conjunction with curve fits to radius-time-
overpressure data. The other peak blast param-
eters, such as density and particle velocity, are
Rankine-Hugoniot values consistent with the
scaled overpressures. The environment to which
the vehicle is exposed in the interior of the
shock front was simulated by assuming constant
vehicle velocity during fly through and Sach’s
scaling curve fits to the interior profiles. It
should be noted that, in actual practice, vehicle
fly through loading calculations are performed

on an electronic computer using the results of
detailed radiation/hydrodvnamic calculations
corresponding iv the nuclear device and burst
altitude of interest.
The vehicle reentry conditions used for
thi culation are as follows:
e Case |
a. Reentry velocity = 17,000 ft/sec
b. Reentry angle = -35°
& Case 2
a. Reentry velocity = 19,200 ft/sec
b. Reentry angle =-75°

The temperature of the heat shield can
be an important factor in determining the struc-
tural response of the RV to blast induced load-
ing hecause of the possible temperature depen-
dence of some of the structural properties, 2.2.,
elastic modulus and yield stress, at elevated tem-
peratures. For the siudy discussed here. predic-
tions of the heat shield bulk temperature
accounted for ascent heating, normal reentry
heating to the burst altitude, and thermal radia-
tion heating from the nuclear burst. The bulk
temperature is symbelically related to the heat
loads by

Qas:em * Qreenuy ta Qradiaﬂon =

Tbu‘.k
pt j C,dT (Btu/fe?),

Tlaunch

where it has been assumed that the temperature
is uniform across the thin ablator skin and that
heat losses are negligible compared to heat in-
puts. In general, considerable caution must be
exercised in employing the thin skin-bulk tem-

erature method.
_The thermal radiation heat flux pro-
uced by the nuclear burst was obtained as
described in paragraph 16-25. The thermal radia-
tion heat load incident on the vehicle was deter-

16-75




mined by numerically integrating the tlux. as a
function of time after detonation. assuming con-
stant vehicle veloeity at that altitude and no
vehicle spin. It should be noted that, aside from
the inherent uncertainties in the free field ther-
mal radiation data, there are additional uncer-
tainties i determining what fraction of the
incident thermal radiation is ¢ ~tually absorbed
by the ablative surface during the fireball fly
through. This is due to a lack of knowledge of
the spectral absorptivity of the vehicle surface
under these conditions and of the possible atten-
uation of ruditation us u result of an opaque layer
of vuporized heat shield materisl in the flow
field surrounding the vehicle.

Two basic methods of structural analysis
were emploved for this sumple calculation. The
first method involves the application of a finite
length. elastic oyvlinder response sclution to
determine the dyvnamic shell stresses resulting
from hLead on intercepr loadings. The second
nmethod. which was applied to the side on inter-
cept. involved the evaluation of the dynamic
respense of a lumped parameter. free free beam
model subjected to transient blast loadings. In
actual practice. the unalysis of the structural
response of RI7 configurations should employ
much more sophisticated and complex methods.
The description of these relatively simple meth-
ods is included 10 indicate to the user the gen-
el analytical methods that could be used.

The results of these two methods of
structural analysis depend on assumptions made
concerning the blast and thermal environment
that the RV encounters. In this calculation. the
trunsient aerodynamic loading was developed by
using Newtonian theory for pressure magnitudes
and distributions (see paragraphs 16-21 and
16-22) combined with a curve-fit exponential
time decay obtained by flying an unperturbed
trajectory through the blast model. To simplify
the calculation. instantansous engulfment was
assumed and shock-on-shock interaction effects
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were ignored. In addition, the structural re-
sponse was only examined for blast enirance and
for normal reentry conditions. Blast traversal
and exit of the vehicle from the blast region
were not examined. Thermal loading from nor-
mal reentry and nuclear burst thermal radiziion
were considered for structural response through
the bulk skin temperature rise. No arrenipt was
made to evaluate resulting thermal stresses from
this high temperature environment: however, the
bulk temperature effect was accounted for when
choosing material elastic properties and
allowables.

Three separate bays or ring-stiffened sec-
1ons of the RV were {nvestigated for the head
on intercepts. After a few dynamic response cal-
culations were made, it became apparent that
Bay L-I (Station 37.5 to Station 49) was the
most vulnerable to head on blast leadings: there-
fore, the tesults presented are for Bay L-1. The
cvlinder solution used is a closed form, elastic
response code that computes all stresses at both
the inside and outside shell fibers at any desired
oint on the shell.

The side on intercept conditions were
examined with a lwmp-parameter, free-{ree.
“Timoshenko”™ beam model. The bending rigid-
ity was supplied completely by the ablator shell,
whereas the mass distribution was made up of
both the main shell structure and all internal
components. As in the head on studies, the ther-
mal effects were included only in the evaluations
of material elastic properties and allowables, Us-
ing this lumped-paramerter mode, a normal mode
solution was employed to determine the com-
plete time history of bending stresses that devel-
oped at a number of stations along the missile
length from the transient pressure loading that
resulted from blast intercept. In all cases, the
peak beam bending stresses occurred in a region
bounded by Stations 20 and 25.

[n addition to these two basic tools of
structural analysis. ie., cylinder solution and




beam model, a check of shell buckling was made
by using the semi-empirical results from the
HARTS Program. This check calculation reveal-
ed that. if buckling did occur during blast inter-
cept. it probably would be elastic. however.
since rather thick walled shefls were involved.
the calculated critical buckling pressures are very
high compared to pressures necessary to cause
conditions leading to plastic deformation and
rupture.

16-27 Results of the RV
Vulnerahility Determination -'

S The results of the structural re-
sponse study are shown in Figure 16-47 for head
on intercept and Figure 16-48 for sidc on inter-
cept. Figures 16-47 and 16-48 show the allow-
able siresses and the peak stresses developed
from blast entrance loads (characterized by the
plotted loads) as a function of initial slant range
from a 350 kt burst at an altitude of 40 kilofeet.
For the side on intercept cases (i.e.. interception
by the blast wave normatl to the longitudinal axis
of the vehicle), the loads are the total g's ob-
tained by vectorially combining the axial and
lateral values. For the head on intercept cases.
the total loads are the same as the axial loads.
The incipient structural damage is indi-
ca in the figures by the intersection of the
curve showing peak stress developed with the
allowable stress curve. The curve labeled “Devel-
oped Srress” indicates the variation with slant
range of the peak dynamic stresses developed in
the vehicle during blast wave intercept. These
curves are shown for both the nominal RV and
the 1.2 nominal vehicle, which is the same vehi-
cle with the skin thickness increased by 20 per-
cent. The slant range, stress, and foads are tabu-
lated for each of the points af inciptent struc-
tural damage. _
[t is apparent that the addition of 20
percent to the skin thickness reduces the vulner-
ability of the RV by decreasing the slant range

Fises 16-7% oud 1479
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for incipient structural damage markedly. [t
should be recognized that these values of slant
range probably are minimum values for the on-
set of incipicnt structural damage as a result of
the assumptions used in the stress calculations.
The thermal response data are shown in
igure 16-49 in terms of the temperature at the
aft end of the cone (X/R, = 19.4) after burst
exit as a function of the initial slant range cf ihe
vehicle from the burst. These data are the tem-
peratures developed dunng normal reentry
{inctuding ascent heating) to the burst altitude
plus the temperature rise caused by the fireball
thermal radiation. Beyond initial slant ranges of
16 to 18 kilofeet, the temperatures shown are
the normal reentry temperatures at the burst
altitude, since the thermal radiation heat load is
quite small at these large ranges. The 40-kijofeet
burst altitude induces higher temperatures than
the 60-kilofect altitude because of increases in
both reentry heating and thermal radiation
heating.

Two specific temperatures, 2.340°F and
,/50°F, are shown in Figure 16-49. The {ormer
is the ablator melt temperature, while the latter
is the temperature at which the ablator has low
structural strength. Since the bulk temperature
generally lies somewhere in between the surface
and backface temperatures, surface meliting will
commence before the bulk temperature reaches
2.340°F, but probably only in small amounts.
Of more importance is the fact that if the vehi-
cle emerges from the burst with a bulk tempera-
ture greater than 1.750°F at critical structural
locations. it probably will not be able to survive
tiie exit blast loads and/or the subsequent re-
entry loads as it descends through maximum
dynamic pressure to impact, i.e.. if the thermal
radiation heat loads are sufficiently greart to re-
sult in temperatures of 1,750°F at burst exit,
“delayed” structural damage may occur subse-
quent to the blast entrance, even if the entrance
loads are not sufficient to cause damage.
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Figure 16-49 fCone Bulk Temperature after Fly Through

as a Functicn of Initial Slant Range from Burst
{Head On Int&rcep\“




16-28 Summary and Conclusions Concerning
RV Vulnerability Calculations

There are many different ways to sum-
marize the blast/thermal vulnerability of an RV:
this subsection employs a bar graph method.
wlhereas the damage envelope method is used in
the succeeding subsection to portrav ABM Blast’
Thermal Vuinerability. The minimum initial
slant ranges for structural and thermal damage
are summarized in Figure 16-30 for the 17.000
ft/sec/-35° trajectory and 40 kilofeet burst alti-
tude, These data show thar the RV is more vul-
nerable to the sitde on intercept/structural dam-
age condition than any other condition. The 20
percent increase in ablator thickness reduces the
initial slant ranges for damage considerably. The
total g’ loading at the slant range tor structural
damage and the total free field radiation heat
load at the slant range for thermal damage also
are shown in the figure. It can be seen that there
is no unique mechanical “g" load or thermal
*“Q" load that determines when damage occurs.
This points out the requirement for more detini-
tive information concerning damage criteria

ssociated with actual RV designs, .
The separation distance at the burst
altitude Gerween two vehicles that were original-

ure 16-30. ¢ scen that if two vehicles
were spaced for these X-ray loadings from a 350
kt weapon in the exoatmosphere. and the lead
vehicle encountered a direct hii from 350 Kkt at
40 kilofeet, the trailing vehicle detinitely would
incur damage if it encountered the blast wave,

(S} The foregoing description of the method
and results of an RV blast/thermal vulnerability
sample cafculation was presented to give the user
an indication of the important technical aspects
that must be included in this type ot analysis.
Based upon the results. a few rather general con-
clusions can be drawn:

Iy at the 130 and 200 cal/em? X-ray separation
jstances apart in the exoatmosphericﬁ
also are shown m Fig-

& [t is apparent that the blast/thermal vulner-
ability of an RV cannot be uniquely ex-
pressed in terms of either rigid body g
load levels or thermal radiation heat loads.
but rather is a funcrion of the particular
reentry trajectory. intercept geometry.
yield of the attacking weapon. and the
specific damage mechanism considered,

® Vulnerability loads or damage criteria as-

* signed to a particular RV corresponding o
blast or thermal effects mayv 1ot be com-
patible with the loads or criteria assigned
tor other nuclear weapon effects (e.g..
X-rays).

® Thermal loads on the RV, resulting from a
combination of reentry heating and radias-
tion from the nuclear weapon, can have an
important deleterious effect on the ma-
terial properties (and in turmn upon the
structural response) of the RV ablator
substructure combination.

® The accurate assessment of RV vulner-
ability to nuclear weapon effects requires
detailed analvses using advanced analytical
tools and high-speed clectronic computer
racilities.

ANTIMISSILE {ABM)} SYSTEMS .

The assessment of blast and thermal vul-
nerability of an antimissile (ABM) svstem pre-
sents many of the same problems that were dis-
cussed for reentry vehicles: however. ABM svs-
tems have some important characteristics that
are unique. and these will form the basis for a
{arge portion of the following discussion.

There are fundamental differences be-
tween the views of the designers of RV's and
ABM concerning blast and thermat vulnerability,
The designer of an RV may be willing 1o have
lus vehicle sustain limited damage if the damage
would not degrade the probability of mission
success significantly. This willingness to sustain
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some level of damage results from the fact that
the RV designer usually deals with large num-
bers of vehicles directed against an array of tar-
gets with the objective of insuring that a fraction
of the RV’s pentetrate the defense and reach the
targets, The defense. on the other hand. at-
tempts to deny all “leakage™ of enemy RVTs,
Theretore, when considering blast and thermal
fratricide damage, the ABM designer usually will
not tolerate any degree of damage to the vehicle
{i.e.. it is designed to be “‘sure safe™). When as-
sessing the ability of an ABM to defend a rarget
and to kill an enemy RV, however, the objective
dictates that the ABM designer achieve a “‘sure
Kill”™ miss distance relative to the incoming RV.

Most of the following discussion results
rom a studv to determine the probable damage
maodes and damage envelopes for the AIRS I and
II vehicles {paragraph 16-12) when exposed 1o
blast waves and thermal radiation {rom nuclear
explosions. .

The scope of the discussion can be sum-
marnzed as follows:

e Two vehicles are considered, AIRS I and
AIRS JI. These vehicles nominglly repre-
sent interceptor vehicles of the SPRINT
and SPARTAN class. respectively. Inboard
profiles of these vehicles are shown in Fig-
ures 16-51 and 16-52.

& Four response modes are considered:

(1} Shell breathing response to the blast
wave.

{2y Vehicle bending response to the blast
wave.

(3) Internal component damage due to
rigid body acceleration produced by
the blast wave.

(4) Material damage produced by the ther-
mal radiation,

® Coupling effects among the damage modes
are neglected, except for the inclusion of
degradation of material properties that re-
sults from heating the material.

® Control surface damage is not considered.

@ Each vehicle is assumed to be in a steady
state “n'’-g maneuver {where n can be
2810},

The aerodynamic loads initiated by the
blast wave must be defined to perform a blast
vulnerability analysis. [n the detinition of the
aerodynamic loads imposed on a vehicle travel-
ing at hypersonic speeds when subjected 1o a
strong blast wave, the initial shock-onshock
interactions during the vehicle engulfment by
the blast wave present the most difficulty. Re-
cent studies of the response of missile structuras
to blast loads indicate that the response to the
shock-on-shock loads does not contribute signifi-
cantly to the total response experienced by the

jssile structure,

The response of the structure to blast is
separated into shell breathing, vehicle bending.
and rigid bedy acceleration responses. The sepa-
ration of the total response into uncoupled
breathing and bending responses is required
since current methods cannot perform the
coupled problem; however, this separation is
justified to some extent by consideration of the
types of damage associated with each response.

In shell breathing response. segments of the shell
between bulkheads are excited, and the damage
is associated with high frequency local shell de-
formation. In vehicle bending, the damage re-
sults from relatively low frequency excitations
of the overall structure.

Criteria for the yielding and buckling
response have been generated primarily from
data generated in tests of simple cylindrical and
conical bodies subjected to air blast from HE
detonations. Studies of damage to the vehicle by
bending have neglected the short-duration dif-
fractive loading, which is of little consequence in
exciting the long period oscillations associated
with bending deformations (except possibly for
very low vield weapons). The damage criteria for
bending deformations. and the response analysis
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techniques. rely on knowledge developed in
similar studies performed for aircraft and launch

vehicles in the boost phase.
h Analysis of response to thermal radia-
ti

1 effects define the mechanisms by which
heat is absorbed and distributzd throuchout the
structure. both when the vehicle is outside and
inside the fireball. Damage criteria from thermal
radiation effects are selected on the basis of the
loss of the insulative coverings over the sub-
tructure.

Blast and thermal radiation eftects dam-
age envelopes for both AIRS [ and II are pre-
sented below. The relative sizes of these envel-
opes for the various eftects on the two represen-
tative vehicles and for the encounter condition
variations (in vield and zltitude) are discussed
briafly.

16-29 Shell Breathing Response

Blast induced pressure loading causes the

shell seaments of the vehicle between the ring’

reinforcements to respond in what is usually
termed the “breathing mode.” Damage occ'irs in
the form of permanent deformation of the skin
through the formation of a dented area in the
surface of the shell. The primary damage me-
chanism for the shells is an instability (buckling)
of the shell that can occur either when the shell
is all elastic or arter portions of the shell have
become plastic. This damage mechanism can be
complicated by the presence of the ahlator over
the structural shell and by other states of siress
and delormation imposed by bending of the
vehicle as a result of biast and normal flight
loads. or the thermal condition &f the vehicle at
blast intercept. These interaction problems are
not considered.
A complete determination of the olast
amage to a shell segment that would be requir-
ed to prevent the AIRS vehicles from perform-
ing a specified maneuver requires two separate
analyses. The first analysis predicts response
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levels from threshold to severe post buckling
damage, and a second analysis predicts the post
damage response: the latter is the response of
the *“damaged™ vehicle to the loads imposed by
maneuver, Thus. it is not sutticient to calculate
the shell response resulting from the blast loud-
ing. A sure-safe criterion also must be establish-
ed tor the actual in-flight conditions in the trat-
ricide mode. The amount of damage thut con-
sritutes an “unsafe’™ level under a Known sct of
environmental conditions must be determined
eventually if vulnerability studies are to be con-
idered useful to the military planper.

The analvses of the response of critical
shell segments of the AIRS | and II vehicles to
blast that were selected for this example can
only predict the threshold damage level caused
by elastic buckling or initial material yielding.
Analyses that calculate elastic-plastic response in’
the post buckiing region have only been devel-
oped recently for shell response to blast, but
experimental data are not sufficiently compre-
hensive to apply the results 1o various loading
conditions and to different materials. Thus,
rather arbitrary criteria must be postulated (o
relate comptited damage levels to ““unsate™ con-
ditions for the ABM.

The analvses discussed thus far primarity
calculate the response of the shell up to thresh-
old damage. i.e., sure-sale levels. These anaiyses
are 2lastic in nature and cannot be used directly
10 determine response that includes severe dam-
age. There are three additional elements required
belore lethality predictions can be made:

e Sciection of the applicable analysis: that is.
inelastic buckling or vielding {or possibly
fracture),

#® Definition of damage criteria. ie.. defi-
nition of the amount of damage that must
occur in the selected damage mode to
negate the intended mission of the vehicle.

® Selection of a means to apply the inelastic
analvsis to the determination of the load




level required to produce the amount of
damage specified.

16-30 Vehicle Bending Response (U)

- Discussions of prediction technigques for
the response of the AIRS I and AIRS [I vehicles

to blast in their rigid body and bending degrees
of freedom are separated into two parts, First, a
formulation of damage crireria for these vehicles
in bending is discussed for damage to the pri-
mary structure and to the internal components.
In the second part. analysis that predicts the
structural response is discussed. The inclusion of
critical damage criteria in a computer program
for the response analysis results in the capability
ta determine sure safe envelopes for bending re-

sponse to blast.
P A most difficult. but necessary, part of

efining damage contours for interceptor mis-
siles in a blast environment is the definition of
the amount of damage that must be producad in
the primary structure in bending or to internal
components to constitute a positive failure of
the mission. The approach adopted is to use a
simple damage criterion available for intercaptor
vehicles.

Selaction of simple damage criteria for
an inrerceptor velicle undergoing bending defor-
mations requires an understanding of the dam-
age modes involved. The primary bending dam-
age modes possible to the primary structure of a
vehicle may be:

® Damage to the joints resulting from tensile
stresses in excess of the stresses allowable
for the joints.

@ Buckling damage to the overall shell struc-
ture resulting from combined axial and
bending induced normal stresses in the
shell.

For this discussion, a damage condition in which
the vehicle damage cannot support the |oads

associated with a specific “'n"-g maneuver after
buckling was selected tentatively as sufficient.

! Damage criteria for internal components
should involve derajled investigations of the
acceleration-time history environment that a
compenent can withstand, In addition, the sup-
ports of internal components and the load-
carrving ability of the supports must be con-
sidered in a comprehensive vulnerability anal-
ysis. It is the usual practice tu consider an accel-
eration time-history and to assign a certain peak

cceleration value to be critical.
In viasw of a lack of fragility data tor the

mierhal components of the AIRS 1 and II. repre-
sentative ailowable peak acceleration values were
selected from information available for design
requirements for SPRINT and SPARTAN. These
acceleration values are used to demonstrate the
procedures involved in determining damage
envelopes for internal component damage. but
they are not necessarily representative of what
the internal equipment mounted inside the vehi-
cles can actually withstand.

It is necessary to perform a comprehen-
sive analysis of the blast loading and response of
the entire missile structure (including primary
and secondary structures) to determine the de-
tails of the blast loads imposed upon (and the
response of) specific internal components when
a missile body is exposed to a nuclear weapon
environment. This analysis includes development
of a detailed mathematical lumped-mass/spring
model of the missile to determine the proper
“transfer functions” between the primary struc-
ture and the intemal component of interest. Cal-
culations that use the mathematical model and
the definition of the blast loads imposed on the
missile structure during a real encounter lead tc
the determination of the loads imposed on the
internal structures.

16-31

Tharmal Radiation Effects

The establishment of thermal radiation
amage criteria for AIRS I and AIRS Il required
an examination of the individual structures
involved.
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“ In general. data concerning thermal radi-
ation eftects consists of a description of the tem-
perature distributior through the ablator (and
substructure material) and the mass ablation
rate, both as a function of time and position on
the missile. This fundamental information pro-
vides the thermal portion of the inputs for a
realistic assessment of the overall vehicle perfor-
mangce during and after an encounter with a nu-
clear burst. The temperature distribution data
can be used in a structural analvsis to determine
the magnitude of the allowable stresses (or
strains), thermal stresses, etc. Furthermore.
there are usually intermal components in the
gutdange section. huzing. arming and firing sec-
tion (FAF). or warhead section that have a fairly
low temperature tolerance. The ablation rates
also affect the mass distribution and can affect
the aerodynamic characteristics of' the missile.
which can affect its flight characteristics; how-
ever. the following discussion is limited to an
examination of thermal effects in the ablator
and substructure. No concurrent structural and/

or trajectory analyses were performed.

q The principal type of ablation material
used on the AIRS I missile is tape-wrapped silica
phenolic. which is a silica cloth impregnated
with phenolic resin. A detailed theoretical pre-
diction of the thermal response of a charring.
melting and vaporizing ablator such as silica
phenolic on a high-speed missile that flies
through (or near) a nuclear fireball during some
portion of its mission involves simultaneous con-
sideration of complex physical and chemical
phenomena. The general situation is illustrated
in a simplified fashion in Figure [6-53. During
normal flight (i.e., preburst or post traversal).
the vehicle is heated by forced convecticon (c}c)
caused by friction forces in the boundary layer
on the vehicle (aerodynamic heating). During
the fireball traversal phase, the predominant
mode of heating is thermal radiation (t}R) from
the high temperature fireball air. in this case, the
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ablation rates generally are so high that the
boundary laver is blown off. and the local flow
field (which may be subsonic) is dominated by
the ablation vapors. In either case. the heat
transfer to the surface causes the ablator to heat.
pyrolyze internaliyv, and melt and vaporize at the
sH‘ace.

&,’g A realistic thermal analysis for a silica
phenolic coated vehicle should consider the fol-
lowing effects:

® Internal heat conduction in the ablator and
substructure.

o Pyrolysis of the phenolic resin in the
ablator. with the atrendant endothermic
chemical reactions and pyrolysis gas flow
through the char.

@ Convective and radiative heat transfer at
the ablator outer surface, and the accom-
panying surface recession that results from
melting and vaporization of the silica cloth.

® The interaction of the injected ablation
vapors with the local vehicle flow field,
especially the absorption of thermal radia-
tion by the vapors (radiation blocking).

® The time dependent nature of the firebal
environment, as well as the transient nature
of the temperature response of the ablator.

® Variation of all of the effects listed above
with location on the body that resuit in
differences in environment, type and/or
thickness of ablator, etc.

& Variation of all of the effects with burst
encounter condmions.

It is convenient to separate the thermal
analysis into several basic parts, e¢ach of which
uses somewhat different techniques of analysis
according to the most impertant physical pro-
cesses that are treated. This concepi can be
visualized with the aid of Figure [8-53 and an
energy balance at the outer surface of the
ablator (denoted by a subscript w).
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where ¢ and Gy are the free field convective
and radiant Leating rates, respectively. The term
“free field” heating rate denotes that the quan-
tity is computed without regard to ablation ef-
fects. Thus. the frec field convective heating is
computed on the basis of nonblowing boundary
layer solutions, while the free field radiative
heating is computed on the basis of the fireball

flow field being unperturbed by the presence of

the vehicle, Therefore, by definition. the free
field thermal environmeni depend: only on time
and bedy pesition for a particular trajectory and
encounter condition, and not on the type of
ablation material used.

The quantities ¢ and 8 are the convec-
ive and radiative blocking functions. respec-
tively. They denote the fraction of the free field
heating rate that exists at the ablator surface
during the actual ablation process. The blocking
functions must be obtained from a solution tor
the local vehicle flow field that accounts for the
effects of the injected ablation vapors on the
tlow field. In general. their values will depend on
the level of the free field environment and on
the particular ablation material. The quantity
507‘\“, represents the energy reradiated from the
surface. while the term MAH represents the
energy absorbed in surface melting and vaporiza-
tion. Finally,

(%),
w ~

is the heat conducled into the surface of the
solid ablator, which in generat must be ¢btained

from a solution of the temperature profile in the.

a r.
The equation simply states *-at the net
convective and radiafive heating at the surface,
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less the energy reradiated and absorbed in melt-
ing and vaporization. equeals the energy con-
ducted into the ablator. When the net heating
rate is sufficiently high to produce surface melt-
ing and vaporization. the equation refates the
mass ablation rate (#1) to the free field environ-
ment and the temperature distribution in the
blator.

For the purpose of the present discus-
sion. which is primarily concerned with the ther-
mal eftects of a nuclear environment. the overall
analysis is separated into two basic parts: fireball
radiation and ablation, and the internal tempera-
ture and ablation response. The former is essen-
tially multidimensional (around the bedy) and
quasi-steady in nature, since it deals with high
temperature flow about a high speed missile,
whereas the latter is primarily one dimensional
(through-the-thickness) and transient in nature
since it deals with heat conduction. The coupl-
ing condition (boundary condition) that relates
the free field environment and local flow field to
the internal response is the energy balance at the
surtace, ie.. the equation given above,

When the results of various theoretical

" methods are compared there is about a £50 per-

cent uncertainty in the predictions of the total
silica phenolic mass ablated during a nuclear fire-
ball traversal. even among theoretical models
that assume full vaporization. If only melting is
assumed, the results are at l2ast a factor of five

higher. and typically a factor of ten,
The condition for thermal damage to the

vehicles was taken to be the time at which
50 percent of the ablator mass was gone: this
condition is probably on the conservative side,
leading to an upper limit in the size of the vul-
nerability envelopes.

16-32 ABM Blast/Thermal Vulnerability
Envelopes

The previous paragraphs described tech-
niques of anaiysis that can be employed to de-




!me vulnerability envelopes for the AIRS [ and
AIRS II vehicles exposed to blast and thermal
radiation from nuclear explosions. The vulner-
ability envelopes for the AIRS vehicles and tor
two tvpical encounter conditions are shown in
Figures 16-34 through 16-57. In each figure, the
vehicle under attack is at the origin (0, 0) flying
from left to right. If the attacking weapon is
burst inside the envelope. the load on the vehicle
will exceed the critical level. Thus, the largest
envelope on the graph identifies the “most”
critical damage mechanism for the vehicle and
the burst condition considered.
Figures 16-34 and 16-55 correspond to
[RS I vehicle in a tvpical fratricide situa-
tion; it is obvious that the size of the critical
damage envelopes are very sensitive to the
maneuver (or nonmaneuver) condition of the
AIRS L. The AIRS Il curves in Figuras 16-56 and
16-57, indicate envelopes of somewhat different
shapes. but the general behavior is similar to
AIRS L

16-33 Conclusions W
‘ The AIRS I and AIRS Il vulnerabiity
study produced the following main conclusions:
® The internal component acceleration en-
velopes are the largest for both AIRS [and
AIRS (I, but this predominance must be

regarded c¢autiously as a result of the arbi-
trary nature by which acceleration damage

levels were selected for the AIRS internal
components.

® Thermal radiation effects appear to be
more important for AIRS I than for AIRS
II: however, blast effects produce the larger
envelopes for both vehicles.

® Thermal radiation effects tend Lo increase
in relative importance for the larger yields
and lower intercept altitudes.

® Shell response and bending response
damage are of comparable importance for
the nonmaneuver condition for both vehi-
cles. For the maneuver condition, however,
the shell damage mode is more important
than the bending damage maode in defining
vulnerability envelopes tar both vehicles.

® The maneuver condition modifies the.accel-
eration, bending and shell damage vulner-
abifity envelopes appreciably. In general,
the overall areas (or volumes) of rhese
envelopes increase significantly for the
maneuver condition.

It should be emphasized that the conclu-
sions only apply to the AIRS [ and AIRS I
vehicles. The foregoing discussion was presented
{0 indicate the types of analyses that must be
performed to assess the vulnerability of ABM
vehicles to blast and thermal effects. The conclu-
sions could well be significantly difterent for
vehicles of different design.

Fages 1e-92 rough 1e-95
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RN BLAST AND THERMAL
LETHALITY

Previous subsections of this section have
concentrated on concerns relative to the blast
and thermal vulnerability of friendly RV’'s and
ABM’s. This subsection will discuss the concern
of the defense in the effecriveness of ABM in

% “killing” an RV.The emphasis shifts from *“sure

safe™ criteria to “sure kill™ criteria.

“ The definition of the threat RV vehicles
and the details of the free field blast and rhermal
environments of the ABM are the two primary
factors that influence the determination of the
kilt eftectiveness of an ABM system, Calcula-
tions of blast kill radii have been performed by
various groups for the SPRINT ABM against
some representative RV threats. The resuits of

thesé calculations are described in the following
paragraphs.

16-34

Blast and Thermal Free
Field Environments Y

j Some ot the Tesults of these calcutations
are shown in Figures 16-58 through 16-61 in ihe
form of blast wave parameters at one altitude,
e.g., temperature and flow field profile data. at
one typical time. These data are essentially self
explanatory. They are useful to provide an over-
view of the environments: however. for detailed
vehicle resnonse studies, the principal output of
a radiation-hydrodynamics code calculation con-
sists of the radiation-hydrodynamic and field
data as a function of radius at a large number of
times after burst. These basic data are stored on
magnetic tapes (called Usertapes), which allows
dissemination of the principal results for use in
many studies. This is necessary since blast/

thermal effects studies often require that the

vehicle be flown through the environment as a
function of time, and it is impossible to present
environmental data at the vehicle position as a
function of time graphically for all possible com-
binations of vehicles, trajectories, and intercept
conditions.

16-35 ABM Biast Loads on Threat
Vehicles {Point Mass)

F The study of ABM blast loads on threut
vehicles consisted of computer analyses using a
generalized trajectory code, with capabilities of
including the free field blast environment pro-
vided by the radiation-hydrodynamics User-
tapes. A nonrotating spherical earth model with
a 1962 atmosphere was used for this calculation.
The acrodynamics were computed by New-
tonian mechanics, based on the input size and
shape data defining a sphere-cone for each vehi-
cla. The reentry conditions for the RV nominal-
trajectories were defined in terms of altitude,
flight path angle, and reentry velocity. Having
computed a flight profile with the specified
reentry conditions, the blast fly through runs
included trajectory computations that started

‘_DM"\: j" .
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Figure 16-59‘1 Computed Density Profile,
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just prior to shock front intercept and terminat-
ed within one second. In the dvnamic simutation
involving interaction between the rapidly chang-
ing blast environment and the vehicle trajectory,
the environment changes rapidly; changes are
measured in microseconds and in inches. The
computed dynamic response, nevertheless, is
considered to be a valid model.

Figures 16-62 through 16-65 provide a
graphic portrayal of a sampie blast intercept

condition. For this one intercept case. four
curves are shown: static overpressure, dynamic
pressure, static overpressure impulse, and dy-
namic pressure impulse. All times indicated are
measured from the time of biast wave intercepr.
Twenry-five milliseconds of data are shown in
Figure 16-62 while only the first millisecond is
shown in Figures 1663 through 16-65. The
values of dynamic pressure impulse are the re-
sults of continuous summation from prior trajec-
torv restart conditions, and the measurements
must be read relative to a baseline value at time
of intercept,

The two impulse curves (Figuiss 16-64
and T6-03) show the relative importance of the
dynamic pressure impulse compared to overpres-
sure impulse at early times. The former builds
up and levels off extremely quickly while the
latter continues to increase. This characteristic is
due to the rapid drop in dyrnamic pressure,
whereas the overpressure, pluiied for 25 msec,
illustrates a considerably slower decay rate.

16-36 Blast Loads on
Threat Vehicle

The time history of surface loading on a
threat reentry vehicles were computed from
knowledge of the fly through environments
(overpressure, dynamic pressure, relative wind
agele of attack) and local velicle aerodynamics.

The time history of loading on any part
of the RV is found to be the sum af’a very short

e RV

duration dynamic pressure or drag loading.
superimposed on a longer duratior overpressure
loading. (See Figures 16-62 through 16-65 for
typical pressure-time histories.)

the spatial distributions of these two
typeS Of loads on the vehicle surface generally
will differ considerably. Blast overpressure re-
sults in uniform pressure being applied over the
complete vehicle surface, whereas dynamic pres-
sure loadings vary over the velhicle surface. de-
pending on the structural configuration and
intercept geometry. These various relationships
can be expressed in the following functional
form.

P(t) = qlra.@.0.0) + Ap(n)

where
g = dynamic prassure
Ap = static overpressure
o = relative wind intercept angle
w.f = local angles defining structura! ge-
ometry
B = circumferential angle on ctructure

measured from windward ray of inter-
cept.

Newtonian aerodynamics were used to deter-
mine the peak values of surface pressure result-
ing from the dynamic pressure environment for
all the reentry vehicles that were studied. The
structural configurations all were made up of
some combination of a sphere nose cap and a
conical body. Most of the sarly structural lzthal-
ity studies were concentrated on the aft (or
weakest) conical shell bay. Shock-on-shock loads
were negiected in the analysis.

The surface pressure loading on the
conical shell elements is computed from the
equation on page 16-106.
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P(t) = 2g(1) (cos & sin 8 + sin @ cos 8 cos B)?

+ Ap(r):
'Bma\ ﬁ Grn ax
P(r)=AP(I) ﬁma: {ﬁ ﬁma\
where
B = cos™t {1 - (tan 9)2 "
max tan &

& = cone half angle

at the windward ray 8 = 0, therefore maximum
surface pressure is

P(t)y = 2g(t) sin® (6 + o) + Ap(1),

and the impulse at any time, 7, at 8 = 0 on the
cone is

T
I = f lzqm sin® (6 + o) + Ap(r)} dt
[»]

where it is ncted that g(+) and Ap(¢) will not, in
general. have the same time dependency.

16-37 ABM Blast Kill Radii .

""*", Structural lethahty levels of the threat
reentry vehicles arg evaluated in terms of the
blast loadings on the primary struciure of the
vehicle. In the calculations described here, two
categories of lethal loadings were evaluated: (1)
Immediate kill, Category 6* and (2) Delayed
kill. Category 4. Immediate kill corresponds to
load levels sufficient to cause some degree of
structural breakup of the metallic subshell. This

16-106

usually will be accompanied by removal of the
ablative covering and severe structural deforma-
tion of the rcmaining subshell. Delayed kill
refers to removal of the ablative covering over
large portions of the loaded side of the vehicle.
In general, this load level also will be sufficient
to cause considerable plastic deformatio:n in the
vehicle subshell. These definitions of damage are
consistent with those recommended by Stanford
Research Institute following participation in the
HARTS and SPINE experimental programs.

One approach used to relate these dam-
age levels to the computed applied loading in-
volves the establishment of a given damage level
in terms of the pressure and impulse of the
applied surface loading. The equation for a given
damage level in the P-/ plane is then defined by
the following hyperbolic form:

(}z i ) (7;'1 i l) - Lo,

[} Q

In this equation / and P_ are asymptotes corre-
sponding to values of impulsive loading and
static pressure loading necessary to induce the
specified damage level. Thus, 7, and £ must be
derermined for each structure to be studled and
for both damage categories, i.e., immediate Kkiil
and delayed kill. Although much of the data are
consistent witli the value 1.0 on the right-hand
side of the equation, some data indicate that a
value near 3.0 would be more appropriate.
g For a given structural element, the l0
and £ asymptotes for a given damage level can
be relared to computed values of impulse and
pressure based on some very simplistic structural
analysis techniques. For example. modeling the
two layered aft bay shell element as a rigid, per-
fectly plastic cylinder, the uniform externally
applied impulse necessary 1o cause a permanent

" Sometimss referred to as “'catastrophic damage.”




strain, €, in the shell wall is found to be:

I = l'le(psfrs top i o h oo i) 12

p,.p, = mass densities of shell and ablative
cover maierials,

0,0, = vield stress values of shell and abla-
tive cover materials,
A= shell thickness.

h, = ablator thickness.

Under similar assumptions. the value of uniform
static pressure necessary to cause material yiald-
ing in the shell wallis

1
Py = — oAt Gyl

where g = average radius of cvlinder. The well-
known [ . parameter for impulsively loaded
shells can be obtained by setting € = 0.05.

Iys = IO.l(pj!s + ph Mo, g+ oychc)}m.

p The next step in lethality evaluation is to
relate the 7, and P, load levels to load levels
corresponding to the Category 6 and Category 4
damage. For the cylindrical or slightly conical
shells representative or the aft bay of most
threat RV’s, these relationships are empirically
established based on results obtzined from a
large number of experimental tests performed
during the HARTS, SPINE, and DRIS Programs.
Based on the results of these correlations, the
following relations were selected to establish the
impuisive and quasistatic load level asymptotes
for damage Categories 6 and 4.

IMPULSE ASYMPTOTE

Category 4: [, = fys

2.5 1y

Category 6: 16

QUASISTATIC PRESSURE ASYMPTOTE
Category 4. P, = 0.7 %Poj
a
L
[t should be noted that, in the definition of the
quasistatic pressure asymptote, the effect of
shell lengch has been included empirically by
L ing the radius-to-length ratio {a/L).

Based on the structural lethality esti-
mates described above and the blast environ-
ment loading for the various encounter geom-
etries, lethality estimates of the wnreat RV's can
be made. A sample plot is shown in Figure
16-66; the [y, and Py (Py) asymptotes have
been determined, and the curves corresponding
to the damage asymptotes /.. P, (immediate
kill) and /,, P, (delayed kill) are shown. The
dashed line shows the damage curve for immedi-
ate kill corresponding to the constant in the
pressure-impulse equation being equal to 3.0
instead of 1.0.

By combining the loads calculated for
th rious encounters, in terms of pressure and
impulse of peak surface loading, with the dam-
age level plot (Figure 16-66), estimates of loads
(in terms of slant range and intercept angle)
necessary to incur lethal damage can be made
for each vehicle. An example of the super-
position of the structure load pressures and
impulses on the damage definition curves is
shown in Figure 16-67. In the figure, different
symbols correspond to loads for various inter-
cept angles, and the number adjacent to each
symbol dénnes the value of slant range ar burst
rime to widch that particular load calculation
corresponds.

Category 6: P, = 1.56 — Py,
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By noting where the blast loading
points cross the damage level lines in the P-f
plane, estimates of burst time slant range can be
made, for a given intercept angle, that will result
in Category & immediate kill and Category 4
delayed kill. The following RV kill slant ranges
{at burst time) are obtained from the example
(Figure 16-67).

{t should not be inferred that the P-/
piot method described above is the only method
of analysis that is used to determine blast lethal-
ity radii. Some investigators have been successful
in computing the structural response of RV's to
the derived blast load inputs: however. lere
experimental data must be used to relate the
computed response to damage level. ¢.g.. im-
mediate kill.

16-38 Fireball Thermal Effects on
Threat RV's

Whenever a vehicle intercepts an early
time blast wave, it subsequently traverses
through (or very near) a high temperature nu-
clear tireball. Therefore. as one part of a lethal-
ity investigation, the thermal effects that would
be expected on a threat RV flying through an
ABM nuclear fireball would be examined. The
calculations for the following exampie employved
the RAD ABLE code. This code uses the free
field freball thermal environment data as read
off of a rad-hydro Usertape. The RAD ABLE
code formalism assumes that the vehicle tlies a
constant velocity-straight line trajectory in the
vicinity of the burst point. A simplified method
is used that accounts for radiation blocking

effects in an approximate manner based on de-
tailed sragnation point (rad-hydro) flow field
solutions,

- Figure 16-68 shows a typical
fistory ol the ablation rate () and the amount

of material ablated

for a head on traversal of an ABM explosion at
30 kilofeet altitude, The burst time standoff dis-
tance (X ) of the vehicle was 100 feet in this

BN Figure [6-69 summarizes the resulls
of a numnber of fireball traversal calculations
(similar to those illustrated in Figure 16-67) in
the form of total mass ablated at fireball exit as
a function of initial standoff distance (XB) and
burst altitude. All of these results are for head
on (X, > 0) or tail on (X <0} intercepts with
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Figure 16-68.

Deletec

Ablation Rate and Mass Ablated as a Function
of Time for Target A Threat RV u

16-111



Deleted

Figure 16-69. - Mass Ablated as & Function of Burst Time
Standotf Distance for Target A Threat RV -




no lateral pffset
angles). P




' AIOISI) 218y UOIS0S] SSBIN-ISIIARIY _muEE‘B ‘0L-91 8:nbig

.mop X spuo3as) IVl
or cE 0z o1 v

i S—

[

T

|

|

!

i
Q
o

(995 ,wo/W6) W IyY NOISOHI MW

l
|
1
|
i
!
\
|
|
;
|
i
|
§
\
-

[=
o

Q
T2

e 09

e ——— - i

0L




ov

' Ao1sI TWL-9siaaely (edidA ) . “1£-91 ambiy

0t

.mc_ X 5puodas) JNIL
0C ol

T \

JHNLOVYS FLVHLSENS /

aNVE 39VINVa

{14

or

OO\

| /
// N

J9VWVa V/

AlvHisans 3AISSYW

024

o

(sasaydsoune) TTYMy 3unssaug Tivm

16-115



B ssLocRrAPHY

Baker. W. E,, P. A. Westine, and S. Silverman, Feasibiliry Stud)y on Simulating the Structural
Response of High Altitude Missiles to Blast Loading, Final Technical Report AMC-66-8,
Southwest Research Institute, San Antonio, Texas. 21 January 1966_

Barry. Ir., 1. M., Supplementary Data for the AIRS-II Velu’cle! Kaman AviDyne TM-25,

1

AMC-66-1i| Kaman AviDyne, Burlington, Massachusetts, July 1966

Bryant, E. I.. N. H. Ethridge. and M. R. Johnson. Response of Drag Type Equipment
Targets in the Precursor Zone . WT1123, Balhsuc Research Laboratones Aberdeen
Proving Ground, Maryland, August 1956 (S '

Bryant, E. J.. and J. D. Day. Effects ¢of Rough Terraz'n on Drag-Sensiffre Targets ' ,
Ballistic Research Laboratories, Aberdeen Proving Ground, Maryland, 9 November
1959

Criscione. E. S., L. . Mente, N. P. Hobbs, Vulnerability of Standard Army Interceptor
Systems (AIRS I and i) to Nuclear Weapon Blas: and Thermal Radiarion Effects

AMC—B?-ISl iiian AviDyne, Burlington, Massachusetts, April 1967

Eppes. R., Jr., Review of Experimental Prbgram.v for Blast Intercept and Traversal, and
Feas;b:lm of Using a Large Bore Gun Facility for Launching Vehicles for Blast intercept
; AMSM! RS-TR- 66 12, AMC 66-8. U.S. Army Missiie Command, October 1966

Field and Depor Mainrenance Manual: Description and Theory of Air Defense Guided
Missile XM3E] ' TM 9-1410-500-35, June 1960

Field and Depor Mainrenance Manual: Description and Theory: Guided Missile System
Components Organizational Maintenance Test Station AN/MSM-35 (SERGEANT Artil-
lery Guided Missile Systemn) . Notes on Material NOM $-4935-303-35/2, Movember
1961,

Field and Depor Maintenance Manual: Schematics: SERGEANT Artillery Guided Missile
XM 15 (SERGEANT Artillery Guided Missile System) B T™ 9-1410-302:35/1. August
1963.

Fraser, W. fA Comparison of Experimentally and Theoretically Determined Pressure
Distributiongk-on a Biasi-Loaded Missile Body, AMC-67-30, Kaman Nuclear, Colorado
Springs, Colorado, June l96i

Hardening Technology Studies — | 1LMSC-B130200, Volumes 1-1V, Lockheed Missiles
and Space Company, Sunnyvale, California, 30 September 19635

16-116




Hardening Technology Studies — II . 1.MSC-B1 30391, Volumes 1-IV, Lockheed Missiles

and"-siace Comiany, Sunnyvale, California, 30 September 1966 “

Hiliendahl, R. W.. Theorerical Models for Nuclear Fireballs . DASA 1589-1 through
158- qck ." Missilcs and Space Company, Sunnyvale, California, 1965-1966

Joint Engmeer/Serl'we Test SERGEANT Guided Missile System . Volume I, U.S. Army

Iliil iii iualuanon Command Technical Report 143, November 1963 -

Johnson, Q. T., R. D. Mayerhofer. and W. J. Schuman, Ir., £ffect of Blast Upon Simulated

and Actual Missiles {(Project 1.4 Operation Snow Ball) Memorandum Report No.
1655, U.S. Army Ballistic Research Laboratories, Aberdeen Proving Ground, Maryland,
May 1965

Johnson. Q. T., and R. D. Mayerhofer. Susceptibility and Vulnerability of the Lance Missile
System ito Nuclear Effects (Blast} BRL-MR-1862, U.S. Army Meteriel Command,
a]li tic eerchl_ortoes. erdeen Proving Ground, Maryland, August 1967

Johnson. Q. T.. R. D. Mayerholer. Susceptibility and Vulnerability of the SERGEANT
Weapon Svstem ro Nuclear Efjects {Blastj , BRL-R-1324, U.8. Army Materiel Com-
mand, Ballistic Research Laboratories. Aberdeen Proving Ground. Maryland, June 1966

Kelley. B. E.. LANCE Automet Control Sysiem RG-TR-64-3. U.S. Army Missile Com-
mand. Redstone Arsenal, Alabama. 25 June 1964\gA—— T

Lindberg. H. E.. et al.. Response of Reentry Vehicle-Type Shells 1o Blast Loads,
LMSC-B130200, Volume IV-C. Stanford Research Institute, Menlo Park. California. for
Lockheed Missiles and Space Company, Sunnyvale, California, 30 September 1965

Lindberg. H. E.. and G. E. Sliter. Response of Reentry Vehicle-Tvpe Shells to Transient
Surface Pressures, AFWL-TR-68-56, Stanford Research Institute. Menlo Park, California,
June 1989

Logistié Support Plan for the LANCE Missile Sy srem
MlsuI&Cnmmand Redstone Arsenal. Alabama [l

. {Second Revision), U.S. Army

Mente., K. J.. Standard Researcihr Svsrems for A
AviDyne, Burlington, Massachusetts. July 1965 § A L

Mente. K. 1., Supplementary Data for rheAIRSI V icle B 24, Kaman AviDyne,
Burlington. Massachusetts, June 1966 S

16-117



AviDyne, Burlington, Massachusetts, February 1966 e

Mikami, K., L. J. Mente. R. D'Amato, Criteria for the Effect of Damage on the Operational
Capabilities of U.S. Army Missile Systems Volume 5, Haw ssi m ' TR-38,
Kaman AviDyne, Burlington, Massachusetts, July 1966

Medier, I. and D. L. Blank, SLEDGE Program: Phase I, Feasibility Study ? DASA-1988,
Martin Marietta Corporation (Orlando Division), Orlando, Florida, September 1967

Nichelson, J. E., and J. J. Rossi, Pressure-Time Histories of Blast Wa
Re-Entry Body, MC-65-163-R1, Mithras, Inc., February 1966 .

ve Interactions with a
Ce ' 5

Nicholson, J. E., E. F. Kent, N. Zessoules, and P. H. Mclngvale, A Ballistic Wind Tunnel Test

Techrique for Me 1 ck-on-Shock I[nteractions, MC-66-142-R31, Mithras, Inc., 4
October 1566 .

Nucilear Radiation Effects Study on LANCE Directional Control Electronics '
RG-TR-64-14, U.S. Army Missile Command, Redstons Arsenal, Alabama, September
1964 | R -

Nuclear Weapons Blast Phenomena, Volume [, Source and Developmernt of Blast Waves in
Air , DASA 1200-1, DASIAC, Santa Barbara, California, 1 March 1971

Nuclear Weapons Blast Phenomena, Voli:me 1I, Blast Wave Interaction |l8. DASA 1200-11,
DASIACi Santa Barbara, California, 1 December 1970

Nuclear Weapons Blast Phenomena, Volume [, Air and Subsurface Explosions D

Ma Barbara, California, 1 March 1970

Organizaticnal Maintencnce Manual: SERGEANT Arrillery Missile XM 15 (SERGEANT
Artillery Guided Missile System) ] Notes on Material NOM 9-1410-302-20, May 1962.

Operation and.Field Maintenance Manual: General Support Shop Set (GSSS)(SERGEANT
Field ArtiiNry Guided Missile System) ﬁ Technical Manual TM 9-4935-305-40/1, July
1963. e

Operator and Organizational Maintenance Manual: Guided Missile System. Components
Organizatiornal Mainterance Test Station AN/MSM-35 {SERGEANT Artillery Guided Mis-
sile System) ' Notes on Material NOM 9-4935-303-12, Qctober [961.

16-118




Opermtar’s Manual: Guided Missile System Components Field Maintenance Test Station

AN/MSM-36 (SERGEANT Artillery Guided Missile System) . Notes on Material NOM
9.4935-304-10, October 1963,

Operator’s Manual, SERGEANT Artillery Guided Misg] stem . Notes on Material
NOM 9-1400-300-10, December 1960
Operator and Organizational Maintenance Manual: Air Defense Guided Missile XM3E!

T™ 9-1410-50C-12, July l962€

Operator and Organizational Maintenance #{anual: Emplacement of Hawk Air Defense
Guided Missile System ' TM 9-1400-500-12/1, August 1961

Operator’s Manual: Description for Hawk Axr Defense Guided Missile System . ™
9-1400-500-10, June 196 AENJI e

Operator and Organizational Maintenance Manual SERGEANT Missile Trainer, Device
3G52 (SERGEANT Artillery Guided Missile System) . Technical Manual TM
9-3920-130-12, fanuary 1963,

Operator and Qrganizational Maintenance Manual: Four-Wheel Semitrailer-Mounted Guided
Missile Launching Station XM 504 {SER GEANT Artillery Guided Missile System) '
Notes on Material NOM 9-1440-301-12, October 1961.

Parechanian, H. S., et al., Dynamic Response Investigation of Simulated RV Structure —
Volume [I [fmpulse and Blasi Tests - SAMSO TR-69-144, Volume 11, McDonnell

Mompany, Santa Monica, California, September 1969 -

Proceedings: DASA/RAND Hydrodynamic Code Conference ! DASA-1553, DASA Data
Central, General | ge Company, Temno, Santa Barbara, California, September 1964

Proceedings: DASA Conference on Nuclear Weapons Effects on Re-Entry Vehicles and
Interceptor Missiles DASA-1651, DASA Data Center, General Electric Company,

Temil Santa Barbara, California, September 1965

; DASA/J!FFDL Shock-on-Shock Interaction Conference . DASA-1674,
Cener General Eleciric Company, Tempo, Santa Barbara, California, May

Proceedings' DASA Ann-Bal’:snc Mzss:ie Blast Vulnerability Conference ! DASA-1744,
Le: - Company Tempo, Santa Barbara, California, April

16-119



Reck. R. J., :ﬁd H. E. Lindberg, Structural Response of the SPINE Reentry Vehicle Models
to Blast amgImpulsive Loads AFWL-TR-67-118, Stanford Researchi Institute, Menlo
Park. Cl'l’oia and Douglas tt Company, Santa Monica. California. January 1968

Sachs, . C. and R. E. Keeffe, An [nvestigation of Static Blast/Vehicle {ntercept Simulation
Methods . AMC-67-30, Kaman Nuclear, Colorado Springs, Colorado, November 1967

Sachs, D. C.. et al.. An [nvestigation of Dynamic Blast/Vehicle Intercept Simulation

Methods l AMC-67-28, Kaman Nuclear. Colorado -Springs. Colorado. August 1967

Schuman., W, J.. Ir.. The Response of Cvlindrical Shells to Exrernal Blasr Loading, BRL

Memorandum Report No. 1461, U.S. Army Ballistic Research Laboratories, Aberdeen
Praoving Ground, Maryland, March 1963

Schuman, W. 1., Jr.. The Response of Cylindrical Shells to External Blast Loading, Part I],
BRL Memorandum Report No. 1560, US. Army Balhstlc Research Laboratories,
Aberdeen Proving Ground, Maryiand, May 19648 7,' L -

SERGEANT Missile Svstem QOperatioin and Environment Tesr Program . White Sands
Missile Range Technical Memorandum 874, White Sands, New Mexico, June 1961

Sieck, D. W.. Stress Analysis of the Hawk [ Missite JfJ. NA 1-55-10, Volumes 1 & 11,
Northrop Aircraft, Inc., _

Sliter. G. E.. et al.. Wariiead O
Tests of SPINE leiucles :
California. July 1969 VS

Sliter. G. E.. et al., Warhiead Optimization for Structural Kill of Re-Entry Veliicles
W Institute, Menlo Park, California, July 1969
SPRINT Blast Survivability Program-Interim Report AMC.4£9 K ama e
Corporation, Colorado Springs. Colorado. June 1969 RS g '

rmu:anon Jor Structural Kill of Re-Entry Vehicles. Lethaliry
Ord Research Institute, Menlo Park.

Studies of Blmgk.Simulation Techniques on Re-Entry Vehicles

'i AFSWi IDR 62-129,

Sandia Corfl ‘.'Ajbuquerque, New Mexico, November 1962

Transporration Dara for the U.S. Army Hawk Missile S_vsremg AR-150, Raytheon Com-
pany Aero/Weapons Division, Andover Plant, Andover, Massachusetts, June 1961.

16-120




Welis, P. B., E. A. Bathke, and D. C. Sachs, SPRINT Blast and Thermal Environment

aman Nuclear, Colorado Springs, Colorado, 2 October

Whitaker, W. A. et al., Theoretical Calculations of Early Phenomenology - 200 kt at 32
kilomerers AFWL-TR-6'7-68 Alr Force Weapons Laboratorv Kmland All' Force
Base, Albuqlerque, New Mexico, October 19678 '

Zvara, J., R. D’Amato, Criteria for the Effect of Damage on rhe Operan‘onal Capabilm‘es of
US. Army Missile Systems, Volume I. SERGEANT Guided Missile System TR-38.
Kaman AviDyne, Burlington, Massachusetts, February 196

16-121



16-122

(This page intentionally left biank}



